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productivity,  ship  pro— 
ductivity  measuronent,  ship  managwaent  information,  ship  perform- 
ance measures,  ship  management,  ship  personnel  managwnent,  ship 
financial  management,  ship  material  managment,  3— M system, 
planned  maintenance  systsm  (PMS) , management  information  systems. 


— -^The  purpose  of  this  research  project  is  to  examine  the 
problem  of  how  to  measure  and  enhance  productivity  on  U.S. 

Navy  ships.  Productivity  measurement  and  enhancement  is 
diseased  in  terms  of  analytic  models,  benefits  and  costs, 
factors  affecting  productivity,  and  output  and  input  measures. 
A study  was  conducted  with  26  U.S.  Navy  ships  in  which  it 
was  found  that  (1)  the  average  number  of  men  assigned  was  — ^ 
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significantly  more  important  than  the  amount  of  OPTAR  con- 
sumed for  repair  parts  in  affecting  the  number  of  planned 
maintenance  actions  accomplished,  (2)  labor  and  material  pro- 
ductivity ratios  could  be  computed  with  PMS  (maintenance) , 
personnel,  and  OPTAR  cost  data,  (3)  ships  with  high  labor^ 
productivity  ratios  tended  to  have  high  PMS  accomplishment 
rates,  and  (4)  four  factors  related  to  the  level  of  produc- 
tivity were  adequacy/^ of  tools,  adequacy  of  supplies,' extent 
of  teamwork,  and  adequacy  of  planning.  A shipboard  produc- 
tivity inq>rovement  program  including  a ship  efficiency 
questionnaire  and  a computer-based  ship  productivity  report 
are  presented.  . 
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Productivity  Measiirement  and  Enhancement 
on  17.  S.  Navy  Ships 


ABSTRACT 


The  purpose  of  this  research  project  is  to  examine  the 
problem  of  how  to  measure  and  enhance  productivity  on  U.  S. 
Navy  ships.  Productivity  measurement  and  enhemconent  is 
discussed  in  terms  of  analytic  models,  benefits  and  costs, 
factors  affecting  productivity,  and  output  and  input  measures. 
A study  was  conducted  with  26  U.  S.  Navy  ships  in  which  it 
was  found  that  (1)  the  average  number  of  men  assigned  was 
significemtly  more  inqportemt  than  the  amount  of  OPTAR  con- 
sumed for  repair  parts  in  affecting  the  number  of  planned 
maintenance  actions  accoo^lished,  (2)  labor  and  material  pro- 
ductivity ratios  could  be  computed  with  PNS  (maintenance) , 
personnel,  and  OPTAR  cost  data,  (3)  ships  with  high  labor 
productivity  ratios  tended  to  have  high  PMS  accomplishment 
rates,  and  (4)  four  factors  related  to  the  level  of  produc- 
tivity %rere  adequacy  of  tools,  adequacy  of  supplies,  extent 
of  teamwork,  and  adequacy  of  planning.  A shipboard  produc- 
tivity improvement  program  Including  a ship  efficiency 
questionnaire  and  a computer-based  ship  productivity  report 
are  presented. 
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I.  INTRODUCTION 

Productivity  or  efficiency  is  the  relationship  between 
an  organization's  output  to  its  input.  The  terms  productive 
Ity  and  efficiency  are  synonomous.  Improving  productivity 
is  an  objective  endorsed  by  nearly  every  commander  and  com- 
manding officer  in  the  United  States  Navy.  The  following 
are  statements  made  by  high-ranking  civilians  emd  officers 
in  the  United  States  Navy  relating  to  productivity.  On 
18  March  1975  the  Honored>le  J.  William  Middendorf,  II,  Secre- 
tary of  the  Navy,  stated  before  the  United  States  House  of 
Representatives  Appropriations  Conmittee,  "Achieving  maximum 
I force  readiness  within  the  manpower  resources  and  budget  con— 

I ■ straints  directed  by  Congress  is  our  goal."^  Before  the  s^une 

i conmittee  on  the  same  day  Admiral  James  L.  Holloway,  United 

I States  Navy,  Chief  of  Naval  Operations  stated,  "Our  most  lne> 

I 

portent  challenge  is  that  of  maximizing  our  readiness  to 
meet  the  Navy's  undiminished  force  levels I am  empha- 

sizing that  our  attention  and  energies  must  be  focused  on 
maximum  readiness  within  the  limits  of  resources  available 
to  us."^ 


Ninety  Fourth  Congress,  Depargnent  of  Defense  Appropriai- 
tions  for  1976,  Hearings  before  a Stibcowmittee  on  Appropria- 
tions riottse  of  Representatives,  1976. 

^Zbid. 
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Admiral  Cousins,  Commandez^in*<hlef , United  States 
Atlantic  Fleet  in  January  1975  stated, 

"Most  Atlantic  Fleet  personnel  are  working  hard 
with  commitment  and  dedication  to  our  Navy.  However, 
a combination  of  attitudes  and  misconceptions  appears 
to  be  limiting  the  productive  work  of  some  of  our 
people.  There  are  cases  in  which  fleet  personnel 
are  simply  not  being  required  to  support  a reasonable 
working  day.  In  other  instances  time  spent  on  the 
job  is  inefficiently  used,  leurgely  because  of  inade- 
quate management.  Such  waste  of  valuable  manpower 
could  not  be  afforded  in  business  or  industry  and  is 
unaccepteUble  in  the  Navy.  We  cannot  be  satisfied 
until  we  are  getting  the  full  potential  from  every- 
one in  the  Atlantic  Fleet  — the  full  potential  in 
leadership  amd  a full  day's  work  from  all  hands. 

These  statements  indicate  the  Importance  of  productivity 
I on  U.  S.  Navy  ships.  The  basic  purpose  of  this  research  has 

I been  to  examine  the  problem  of  "how  to  measure  and  enhance 

productivity  on  U.  S.  Navy  ships.”  In  the  author's  opinion 
there  are  three  stages  of  productivity  measurement  and  enr- 
* ' hancement  in  orgamizatlons  like  U.  S.  Navy  ships.  These  re- 

present three  levels  of  managerial  sophistication.  The 
levels  are:  I 

— Level  I — Productivity  improvement  is  vitally  needed 
in  our  organization. 

I I 

— Level  II  — Productivity  Improvement  is  vitally  needed 
in  our  organization.  We  are  iaqplementing  these  ”x”  actions  to  j 

I 

improve  our  productivity.  I 

I—  Level  III  — Productivity  improvement  is  vitally  needed  i 

in  our  organisation.  We  are  Iziplementing  these  ”x”  actions 


^Statement  made  in  regards  to  CINCLANTFLT  objective  for 
improved  work  productivity. 
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to  Improve  our  productivity.  We  are  monitoring  these  produc— 
tivity  measures  to  determine  if  these  actions  are  improving 
our  productivity. 

In  this  author's  opinion  95  per  cent  of  all  officers  and 
petty  officers  on  U.  S.  Navy  ships  are  at  Level  I.  Productiv- 
ity improvement  on  U.  S.  Navy  ships  receives  "much  talk  but 
little  action  and  very  little  measurement.” 

In  the  author's  opinion  productivity  measurement  and  en- 
hancement is  important  on  U.  S.  Navy  ships  for  the  following 
reasons: 

— the  increasing  Interest  of  Congress  and  the  American 
people  that  all  government  organizations  produce  a maximum 
of  services  for  each  tax  dollar  collected, 

— the  increasing  cost  of  personnel  and  materials  on  U.  S. 
Navy  ships, 

— the  increasing  scarcity  of  certain  materials,  such  as 
special  lubricants,  special  alloy  repair  parts,  etc., 

— the  increasiI^r  sophistication  of  naval  weapons  systems 
and  the  greater  need  for  skilled  maintenance  on  them, 

— attitudes  of  personnel  on  U.  S.  Navy  ships  which  fre- 
quently are  oriented  towards  Increasing  the  input  of  resources 
vice  maximizing  the  output  of  services, 

— the  lack  of  a means  to  quantitatively  support  subjec- 
tive judgments  on  the  following: 

— the  degree  of  efficiency  with  which  an  officer  or 

petty  officer  uses  his  resources  (men  and  material) , 


— the  determination  of  the  optimum  allocation  of  re- 
sources among  departments  and  work  centers  on  U.  S. 

Navy  ships, 

— the  determination  of  when  a department  or  work 
center  requires  more  resources  to  accomplish  a given 
mission. 

There  are  five  major  purposes  of  this  study: 

(1)  To  present  a usable  productivity  measurement  and  enhemce— 
ment  program  for  U.  S.  Navy  ships.  The  program  is  presented 
in  Appendix  A.  The  program  is  the  end  product  of  this  re- 
search. It  is  considered  the  major  contribution  of  this  re- 
search. 

(2)  To  present  a usable  attitude  survey  questionnaire  which 
measures  key  attitudes  and  perceptions  of  enlisted  personnel 
which  affect  productivity.  The  questionnaire  is  presented 
in  Appendix  A.  The  analysis  of  the  2212  responses  is  con- 
tained in  Appendix  B. 

(3)  To  present  quantitative  data  to  support  the  opinion  that 
a productivity  measuroaent  emd  enhemcement  program  is  both 
feasible  emd  desirable  on  U.  S.  Navy  ships. 

(4)  To  present  an  overview  of  current  U.  S.  Government  and 
Department  of  Defense  efforts  in  productivity  measur«nent 
and  enhancement  which  could  support  U.  S.  Navy  efforts  in 
productivity  measurement  emd  enhancmnent.  Reseeurch,  program 
implementation,  publications,  training  requirements,  and 
measurement  activities  are  discussed. 
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(5)  To  present  a list  of  recommendations  which  could  improve 
productivity  measurement  and  enhancement  efforts  on  U.  S. 

Navy  ships. 

A.  OBJECTIVES  AND  EXPERIMENTAL  PROCEDURES 

As  stated  earlier,  the  major  objective  of  this  research 
was  to  examine  the  problem  of  "how  to  measure  and  enhance  pro- 
ductivity on  U.  S.  Navy  ships.”  The  problem  was  examined 
from  a management  point  of  view  vice  an  engineering  point  of 
view.  There  were  11  specific  objectives  of  the  research. 

(1)  Review  past  and  ciorrent  research  on  productivity  measure- 
ment and  enhancement  on  U.  S.  Navy  ships. 

(2)  Review  existing  and  planned  productivity  measurement  and 
enhancement  programs  in  the  U.  S.  Federal  Government,  the 
Department  of  Defense,  and  the  Department  of  the  Navy. 

(3)  Review  and  develop  analytic  models  to  explain  productiv- 
ity concepts. 

(4)  Exeunine  factors  affecting  productivity  on  U.  S.  Navy 

ships . 

(5)  Fozmulate  output,  input,  and  productivity  measures  for 
U.  S.  Navy  ships. 

(6)  Measure  productivity  on  26  U.  S.  Navy  ships  participat- 
ing in  the  U.  S.  Navy  Pacific  Fleet  Equipment  Maintenance 
and  Related  Maintenance  (EMRM)  Project  during  the  time  per- 
iod 1 November  1975  to  30  April  1976. 

(7)  Evaluate  the  productivity  measures  computed  on  the  26 
U.  S.  Navy  ships  to  estimate  their  degree  of  validity, 
accuracy,  and  usefulness. 
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(8)  Develop  and  administer  an  attitude  survey  questionnaire 
for  e:. listed  personnel  on  the  26  U.  S.  Navy  ships.  The  pur- 
pose of  the  survey  was  to  ascertain  attitudes  and  percep- 
tions of  shipboard  personnel  regarding  factors  affecting  pro- 
ductivity. 

(9)  Develop  a usable  productivity  measurement  and  enhancement 
progrzun  for  U.  S.  Navy  ships. 

(10)  Develop  a usable  automated  (ccmputer-^ased)  ship  produc- 
tivity report  for  general  use  for  U.  S.  Navy  ships. 

(11)  Develop  a set  of  recommendations  which  could  improve 
productivity  measurement  and  enhancement  efforts  on  U.  S. 

Navy  ships. 

The  experimental  procedures  in  this  research  included 
methods  and  techniques  from  microeconomics,  organizational 
development  and  statistics.  Microeconomic  concepts  were 
used  for  the  following: 

— calculation  of  production  functions  using  the  ntimber 
of  planned  maintenance  actions  accomplished  as  the  output 
measure, 

— calculation  of  average  and  marginal  productivity  ra— 

4 

ties  using  maintenance,  personnel,  and  OPTAR  cost  data, 

— calculation  of  elasticity  coefficients  to  determine 
the  effect  of  personnel  and  repair  part  expenditures  on  the 
number  of  planned  maintenance  actions  accomplished. 


^OPTAR  costs  are  expenditures  approved  by  the  ship's 
comnanding  officer  for  day-to-day  equipage,  repair  part, 
and  other  operating  expenses.  They  do  not  include  fuel, 
utilities,  major  shipyard  repairs,  or  personnel  expenses. 


computer.  Some  analysis  was  ^one  using  the  Biomedical  Com- 
puter Programs  (BMD  P Series) • The  maintenance  data  was 
sunmiarlzed  using  computer  programs  written  in  ANSI  COBOL 
(American  National  Standards  Institute  Common  Business 
Oriented  Language) . 
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II.  BACKGROUND 


A.  SURVEY  OF  LITERATURE:  PAST  AND  CURRENT  RESEARCH  ON  PRODUC- 
TIVITY MEASUREMENT  AND  ENHANCEMENT  ON  U.  S.  NAVY  SHIPS 

In  conjunction  with  this  ressarch  project  a literature 
search  was  conducted  on  the  subject  of  productivity  measure— 
■ent  and  enhancement  on  U.  S.  Navy  ships.  The  formal  search 
was  conducted  through  the  U.  S.  Naval  Postgraduate  School 
Library,  Monterey,  California  93940,  the  Defense  Documenta- 
tion Center,  Cameron  Station,  Alexandria,  Virginia  22314, 
and  the  Defense  Logistics  Studies  Information  Exchange 
(DLSIE) , U.  S.  Army  Logistics  Management  Center,  Fort  Lee, 
Virginia  23801. 

It  tfas  found  that  there  were  no  reports  or  research  di- 
rectly addressing  the  subject  of  productivity  measurmnent 
and  enhancement  on  U.  S.  Navy  ships. 

Numerous  reports  and  studies  were  found  that  Indirectly 
addressed  productivity  on  U.  S.  Navy  ships.  These  reports 
were  classified  in  the  following  subject  categories:  manage- 
ment, maintenance,  training,  manpower,  management  information 
systems,  resource  allocation,  coats,  systems  analysis,  man- 
power requirements,  work  analysis,  material  condition,  ship 
overhaul,  work  measurement,  production,  planned  maintenance 
system,  repairs,  supply  support,  operations  analysis,  per- 
formance analysis,  leadership,  attitude  measurement,  output 
measurement,  economic  analysis,  motivation,  cost  reduction. 
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methods  improvement,  performance  evaluation,  organizational 
development.  Human  Resources  Management  Prograun,  informa- 
tions systems,  data  systems,  command  and  control,  etc. 

Additionally,  an  informal  literature  search  was  conducted 
by  telephone  to  numerous  Department  of  Defense  and  Department 
of  the  Navy  organizations  to  ascertain  if  they  had  sponsored 
or  conducted  any  recent  research  on  the  subject  of  productiv- 
ity measurement  and  enhancement  on  u.  S.  Navy  ships.  The 
following  organizations  were  informally  contacted:  Navy  Man- 

power and  Material  Analysis  Center  Atlantic,  Navy  Manpower 
and  Material  Analysis  Center  Pacific,  Center  for  Naval  Analy- 
ses, Office  of  Naval  Research,  Office  of  the  Chief  of  Naval 
Operations  (OP-01,  0P^3,  OP-04,  and  OP-92),  Office  of  the 
Comptroller  of  the  Navy,  Office  of  the  Chief  of  Naval  Material, 
Office  of  the  Commander  Naval  Sea  Systems  Command,  Office  of 
the  Assistant  Secretary  of  the  Navy  for  Financial  Management, 
and  the  Office  of  the  Assistant  Secretary  of  Defense  for  Inr* 
stallations  and  Logistics.  The  informal  search  found  numerous 
reports  and  studies  indirectly  related  to  the  subject  but 
none  directly  relating  to  the  subject  of  productivity  measure 
ment  and  enhancement  on  U.  S.  Navy  ships. 

There  are  four  major  studies  on  shipboard  maintenance 
that  were  used  for  background  material  for  this  research, 
niese  studies  addressed  the  problem  of  how  to  improve  mainte- 
nance on  U.  8.  Navy  ships.  They  discussed  maintenance  prob— 
Isaw,  management  concerns  regarding  maintenance,  and  factors 
affecting  the  level  of  maintenance  accomplishment  on  u.  S. 
ships.  These  four  studies  were: 
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(1)  Production  by  Ship’s  Force  During  Overhaul#  Report  #82, 
Navy  Manpower  and  Material  Analysis  Center,  Atlantic,  Norfolk, 
Virginia  23511,  January  1973, 

(2)  Improvanent  of  Planned  Maintenance  Accomplishment  within 
the  Pacific  Fleet,  Report  #138,  Navy  Manpower  and  Material 
Analysis  Center,  Pacific,  San  Diego,  California  92132,  August 
1974, 

(3)  laprovament  of  Planned  Maintenance  AcccMnplishment  within 
the  U.  S.  Pacific  Fleet  (Phase  II),  Report  #138A,  Navy  Man- 
power and  Material  Analysis  Center,  Pacific,  San  Diego,  Calif- 
ornia 92132,  March  1975, 

(4)  Maintenance  Personnel  Effectiveness  in  the  Navy,  Profes- 
sional Paper  #143,  Center  for  Naval  Analyses,  1401  Wilson 
Boulevard,  Arlington,  Virginia  22209,  January  1976. 

In  FY  1976  the  Equipment  Maintenemce  and  Related  Mainte- 
nance (BMRM)  Project  was  conducted  in  the  U.  S.  Atlantic  and 
Pacific  Fleets.  The  project  Investigated  the  impact  of  in- 
creased funding  for  repair  parts  on  maintenance  accOTiplish- 
ment.  The  project  Involved  nearly  100  U.  S.  Navy  ships  in 
both  fleets.  The  EMRM  Project  in  the  U.  S.  Navy  Pacific  Fleet 
was  the  major  source  of  data  for  this  research  on  productivity 
measurement  and  enhancement  on  U.  S.  Navy  ships. 

B.  PRODOCTIVITY  MEASUREMENT  AND  ENHANCEMENT  PROGRAMS  IN 
THE  U.  S.  FEDERAL  GOVERNMENT 

1.  Federal  Agencies 

There  are  nuMrous  agencies  and  programs  in  the  u.  S. 
Federal  Government  which  have  responsibilities  in  productivity 
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management  and  enhancement.^  Some  of  these  agencies  are 
oriented  toward  improving  productivity  in  the  economy,  in 
industries,  in  industrial  orgemizatlons,  in  state  and  local 
government  organizations,  and  in  other  profit  and  non-profit 
organizations.  Other  of  these  agencies  are  oriented  toward 
improving  productivity  in  U.  S.  Federal  Government  as  part 
of  the  Federal  Productivity  Program. 

These  agencies  represent  an  excellent  resource  for 
assistamce,  training,  and  information  for  individuals  and 
organizations  interested  in  productivity  meas\irement  and  en- 
hancement in  their  orgiuiization.  Appendices  D through  I 
list  some  of  the  ptiblications , instructions,  services,  and 
research  activities  of  these  agencies.  Appendix  D lists 
various  publications  on  productivity  available  from  govern- 
ment agencies.  Appendix  E contains  sample  newsletters  and 
bulletins  on  productivity  available  from  federal  agencies. 
J^pendix  F shows  examples  of  training  courses  euid  seminars 
available  from  federal  agencies.  Appendix  G shows  an  exam- 
ple of  the  research  being  conducted  on  productivity  by  the 
National  Science  Foundation.  Appendix  H is  a policy  state- 
ment regarding  the  Federal  Productivity  Program.  Appendix  I 
contains  excerpts  from  the  Annual  Report  to  the  President 
and  the  Congress  on  Productivity  Programs  in  the  Federal 


^The  majority  of  the  information  in  this  chapter  concern- 
ing federal  agencies  and  federal  prograu  was  gathered  from 
verbal  statements  and  handout  material  presented  at  the  Pro- 
ductivity Through  Measurement  Seminar  held  on  23  June  1976 
in  Washington,  0.  C.  The  seminar  was  sponsored  by  the 
National  Center  for  Productivity  and  Quality  of  Working  Life. 
Permission  was  received  to  reprint  all  in  the  Appendices. 
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Govrnxaent  FY  1974.  These  appendices  are  Included  in  this 


report  to  show  the  wide  breadth  of  activity  in  the  U.  S. 
Federal  Government  oriented  towards  productivity  improvement 
and  to  list  government  sources  for  fvurther  information  on 
productivity  measurement  and  enhancement. 

The  three  major  U.  S.  Federal  Government  agencies 
which  have  responsibilities  for  productivity  measurement  and 
enhancement  in  the  United  states  as  a whole  are  the  National 
Center  for  Productivity  and  Quality  of  Working  Life,  the 
Bureau  of  Labor  Statistics  within  the  Department  of  Labor, 
and  the  U.  S.  Department  of  Commerce.  The  National  Center 
was  authorized  on  28  November  1975  by  the  94th  Congress.  It 
affirmed  the  government's  commitment  to  a long-range  program 
to  prcmiote  continued  productivity  growth.  The  National  Cen- 
ter's enabling  legislation  (Public  Law  94—136)  enunciated  a 
national  policy  to  "encourage  productivity  growth  consistent 

with  the  needs  of  the  economy,  the  natural  environment,  the 

« 

needs,  rights,  and  best  interests  of  management,  the  work 
force,  and  consumers."  The  National  Center's  purpose  is  to 
stimulate  national  efforts  consistent  with  this  policy.  The 
National  Center  has  bem  active  in  publishing  productivity 
manuals  and  reports  and  conducting  productivity  seminars. 

The  National  Center  grew  out  of  the  National  Commission  on 
Productivity  and  Work  Quality  composed  of  leading  business, 
labor,  government,  and  public  representatives.  The  National 
Conmiesion  was  headed  by  Vice  President  Nelson  Rockefeller. 

Within  the  U.  S.  Department  of  Labor,  the  Office  of 
Productivity  and  Technology  of  the  Bureau  of  Labor  Statistics 


is  responsible  for  compiling  productivity  statistics  and  pub- 
lishing productivity  reports.  These  reports  cover  all  sec- 
tors of  the  U.  S.  economy  Including  the  U.  S.  Federal  Govern- 
ment. The  Office  of  Productivity  <md  Technology  has  responsi- 
bility for  four  major  research  programs.  The  productivity 
research  program  provides  comprehensive  statistics  for  the 
U.  S.  economy  and  its  major  component  sectors  and  individual 
industries.  The  technological  studies  program  investigates 
trends  in  technology  and  their  Impact  on  manpower  and  produc- 
tivity. The  international  labor  statistics  program  compiles 
and  analyzes  statistics  on  trends  in  productivity  and  related 
factors  in  foreign  countries.  The  construction  labor  require- 
ments program  deals  with  the  construction  Industry. 

Within  the  U.  S.  Department  of  Commerce » the  Dcmiestic 
and  International  Business  Administration,  Bureau  of  Domestic 


Commerce,  Office  of  the  Ombudsman  for  Business  publishes  the 
Productivity  Series  Bulletin  shown  in  Appendix  D,  productivity 
reports,  and  productivity  articles.  Additionally,  within  the 
Department  of  Comsierce  several  organizations  carry  on  acti- 
vities related  to  productivity.  Two  such  organizations  are 
the  Bconasd.c  Development  Administration  (EDA)  and  the  Hational 
Bureau  of  Standards. 


There  are  many  federal  agencies  which  have  responsi- 
bilities to  oversee,  monitor,  or  provide  assistance  for  pro- 
ductivity sMasursment  and  enhancement  programs  within  the 
D.  8.  Federal  GovemsMnt.  These  agencies  include  the  Office 


of  Management  and  Budget,  the  General  Accounting  Office,  the 
General  Services  Administration,  the  Joint  Finamclal  Memage- 
ment  Improvement  Program,  the  Bureau  of  Labor  Statistics,  and 
the  Civil  Service  Commission. 

Bach  of  these  agencies  has  specific  responsibilities. 
The  Office  of  Management  and  Budget  has  overall  responsibili- 
ty for  the  Federal  Productivity  Program.  The  General  Services 
Administration  provides  technical  guidance  in  developing  and 
using  work  measurement  and  productivity  measurement  systems. 

It  assists  agencies  in  developing  productivity  improvement 
programs  with  respect  to  procedures  improvements  and  mechani- 
zation projects.  The  Civil  Service  Commission  provides 
policy  guidance  and  technical  assistance  to  agencies  on  the 
personnel  management  aspect  of  productivity.  This  includes 
manpo%#er  planning  and  utilization,  training,  executive  develof^ 
ment,  labor  relations,  pay  and  incentives,  job  design,  per- 
sonnel management  research,  emd  the  integration  of  these 
functions  with  overall  productivity  improvement  prograuns. 

The  Joint  Financial  Management  Improv«nent  Progr2un 
(JFMIP)  is  a joint  and  cooperative  undertaking  of  the  Office 
of  ManagesMnt  and  Budget,  the  General  Services  Administration, 
and  the  Civil  Service  Commission.  The  overall  objective  of 
JFMIP  is  to  improve  and  coordinate  financial  management 
policies  and  practices  throughout  the  government  so  that  they 
will  contribute  significantly  to  the  effective  and  efficient 
plannii^  and  operation  of  government  programs.  Specifically, 
JFMIP  has  the  responsibility,  with  the  assistance  of  the 
Bureau  of  Labor  Statistics,  to  analyse  the  factors  which  have 


caused  productivity  chemges  and  prepare  2m  annual  report  on 
productivity  programs  in  the  Federal  Government.  JFMIP  seeks 
opportiinities  to  expand  the  coverage  of  productivity  indices 
and  to  iaqprove  the  representativeness  of  the  measures. 

The  JFMIP  Annual  Report  to  the  President  and  the  Con- 
gress on  Productivity  Programs  in  the  Federal  Government  FY 
1974  of  June  1975  is  a conprehenslve  document  summeurizing 
productivity  programs  and  productivity  trends  in  the  0.  S. 
Federal  Government. 

This  annual  report  indicated  that  productivity  measure- 
ment data  was  collected  on  over  two  million  workers  engaged 
in  federally  funded  activities.  In  FY  74  data  was  collected 
on  approximately  65  per  cent  of  the  Federal  civilian  work 
force.  In  the  Department  of  Defense  361^500  staff— years  were 
measured  out  of  a total  of  1,039,900  staff-years  (34.8  per 
cent) . The  report  cited  that  productivity  gains  were  most 
often  tied  to  use  of  capital  equipment,  automation,  work  sim- 
plification, reorganization,  revised  procedures  and  work 
flow,  and  technological  improvement. 

The  annual  report  set  forth  general  guidelines  for 
foderal  agency  productivity  improvement  programs.  The  seven 
basic  ingredients  include x 

(1)  CflsaiitaMnt  — both  real  and  visible  support  from  top 
management. 

(2)  Involvement  - by  personnel  at  all  levels  of  the  organiza- 
tion in  productivity  planning  and  analysis. 

(3)  Incentives  - opportunities  for  individual  benefit  from 
aocxxnplishing  productivity  improvement. 
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(4)  Goals  and  objectives  — should  be  deflried  for  the  organi- 
zation in  terms  of  output  products. 

(5)  Analytical  capability  — to  analyze  data  and  situations, 
identify  alternatives,  and  rec<xnmend  changes. 

(6)  Measurement  and  reporting  systems  — should  be  systematic 
methods  of  collecting,  emalyzing,  and  reporting  productivity 
data  along  with  other  measures  of  effectiveness  and  work 
quality. 

(7)  Evaluation  — should  be  provisions  for  independent  reviews 
and  audits. 

The  2uinual  report  cited  many  lessons  and  recommenda- 
tions for  futiire  actions  regarding  measuring  and  enhancing 
Federal  productivity.  Important  lessons  learned  include: 

(1)  Productivity  data  represents  a powerful  memagement  tool 
but  must  be  used  in  conjvmctlon  with  other  measures  of  per- 
formance . 

(2)  Some  types  of  work,  such  as  research,  cannot  at  present 
be  measured  using  conventional  productivity  techniques. 

(3)  Innovative  approaches  to  total  performance  measurement 
are  needed. 

(4)  Caution  should  be  exercised  when  making  compeurlsons  of 
productivity  indexes,  even  for  similar  fumctions. 

(5)  In  analyzing  productivity  data,  lon^^erm  trends  are 
more  significant  than  short-term  changes. 

(6)  Improvements  are  needed  in  th#  analysis  of  reasons  for 
productivity  Increases  and  decreases. 

(7)  Productivity  Isprovements  or  declines  do  not  just  happen 
but  result  from  specific  actions.  Identification  and 


23 


analysis  of  such  actions  are  the  real  payoff  from  productivity 
measurement.  Without  Identification  and  analysis,  measurement 
is  meanixigless. 

For  the  future  the  following  are  four  major  objectives 
for  the  Federal  Government: 

(1)  Expand  and  Improve  coverage  of  productivity  and  perform- 
ance measurement  systems. 

(2)  Strengthen  productivity  improvements  throughout  the  govern- 
ment. 

(3)  Improve  interchange  of  productivity  ideas. 

(4)  Respond  to  the  national  need  to  improve  productivity 
focusing  on  manufacturing  technology,  capital  acquisition, 
motivation  and  work  quality,  measurement  technology,  emd 
government  regulations. 

In  the  Department  of  Defense  the  guidelines  and  report- 
ing instructions  for  the  JFMip  are  being  implemented  through 
DOD  INST  5010.34  of  4 August  1975  entitled  "Productivity 
Enhancement  and  Evaluation,  Operating  Guidelines  and  Reporting 
Instructions.”  This  instruction  covers  the  DOD  Productivity 
Program  emd  encompasses  many  previously  implemented  programs 
such  as  Standardisation  of  Work  Measuronent,  DIMES,  and 
Economic  Analysis.  The  Assistant  Secretary  of  Defense  for 
Installations  and  Logistics  has  the  overall  responsibility 
for  the  DOD  Productivity  Program.  Goals  for  the  DOD  program 
include  Increasing  the  percentage  of  the  DOD  civilian  force 
covered  by  productivity  measurements  and  to  Increase  produc- 
tivity 1.5  per  cent  annually.  The  Defense  Supply  Agency's 
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Performance  Reporting  System  is  one  of  the  most  comprehensive 
and  functional  productivity  measurement  systems  in  the  Depart- 
ment of  Defense. 

In  the  Department  of  the  Navy  the  Assistant  Secretary 
of  the  Navy  for  Flnemcial  Management  has  overall  responsi- 
bility to  implement  the  Department  of  the  Navy  Productivity 
Progrzun  in  accordance  with  DOD  Instruction  5010.34  of  4 
August  1975.  Personnel  in  Office  of  the  Comptroller  of  the 
Navy  and  in  the  Office  of  the  Chief  of  Naval  Operations  (OP- 
92)  have  specific  responsibilities  for  this  program.  The 
Depaurtment  of  Navy  Productivity  Prograun  is  oriented  towards 
the  support  forces  vice  the  operating  forces  of  the  U.  S. 

Navy.  The  Naval  Supply  Systems  Command's  Activity  Manage- 
ment Report  (AMR)  is  one  of  the  most  comprehensive  and  fxinc— 
tional  productivity  measurement  prograuns  in  the  U.  S.  Navy. 

It  covers  the  Naval  Supply  Centers  and  Fleet  Material  Support 
Offices  in  the  Naval  Supply  Systems  Command.  The  AMR  is  an 
automated  report  which  is  used  principally  to  detect  problem 
areas,  to  reallocate  resources,  and  to  support  budget  deci- 
sions. 


III.  THE  PROBLEM 


> The  problem  of  productivity  measurement  emd  enhancement 

on  U.  S.  Navy  ships  will  be  discussed  in  terms  of  concepts 

i of  productivity  analysis*  factors  affecting  productivity* 

i 

benefits  and  costs  of  a productivity  measurement  and  enhemce— 

i 

I ment  program*  and  the  formulation  of  productivity  measures 

for  U.  S.  Navy  ships. 

I 

, A.  CONCEPTS  OP  PRODUCTIVITY  ANALYSIS 

! 

There  are  many  analytic  fr€uneworks  or  models  which  could 
be  used  to  describe  productivity*  factors  affecting  produc- 
tivity* and  related  concepts  such  as  economy  and  effective— 

I ness.  Two  models  will  be  presented  in  detail  in  this 

section:  the  production  function  euid  the  elements  of  an 

organization , 

I 

I Productivity  is  the  ratio  of  a measure  of  output  to  a 

measure  of  the  input  required  to  produce  the  output.  It  can 
be  expressed  as  follows: 

• rro<l««lvlty 

There  are  different  types  of  productivity  depending  upon 
the  input.  The  most  common  productivity  discussed  in  the 
literature  is  labor  productivity.  This  is  the  ratio  of  out- 
put to  a unit  of  labor  input  such  as  manr-hours*  man-years* 
staff-years*  etc.  Capital  productivity*  raw  materials  pro- 
ductivity* and  power  productivity  are  frequently  computed  in 
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Industry.  Productivity  is  also  described  in  terms  of  aver- 
age productivity  and  marginal  productivity.  For  U.  S.  Navy 
ships  two  simple  average  measures  of  productivity  could  be 
computed  assuming  a suitable  output  measure  could  be  defined. 
The  first  is  a labor  productivity  measure  based  on  man-hours 
or  men  assigned.  The  second  is  a materials  productivity 
measure  based  upon  the  amount  of  OPTAR  expended. 

To  analyze  the  productivity  of  an  organization,  it  is 
frequently  desirable  to  utilize  one  or  more  methods  of  analy- 
sis. One  method  of  analysis  is  to  compute  the  organization's 
production  function.  The  production  function  shows  the  rela- 
tionship of  the  output  of  the  organization  emd  the  input 
required  to  produce  the  output.  Another  method  is  to  list 
or  diagram  the  elements  of  an  organization  to  determine  how 
they  interact  in  affecting  the  productivity  of  the  organiza- 
tion. A third  method  of  productivity  analysis  is  to  investi- 
gate the  attitudes  and  perceptions  of  personnel  in  the 
organization  concerning  factors  affecting  productivity.  A 
fourth  method  is  to  graph  output  levels  and  productivity 
levels  over  a period  of  time.  Changes,  fluctuations,  and 
trends  can  be  readily  seen  on  a time-series  plot.  Then  rea- 
sons for  the  changes  can  be  investigated  to  isolate  problem 
areas.  A fifth  method  of  productivity  analysis  is  to  compare 
output  levels  and  productivity  levels  of  one  organization 
with  similar  organizations.  All  of  these  methods  have  been 
used  in  this  study. 
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One  of  the  most  useful  methods  of  productivity  analy- 
sis is  the  computation  of  a production  function.  A produc- 
tion function  is  a t2d>le,  graph,  or  equation  showing  the 
relationship  between  output  and  input.  Typically,  a produc- 
tion function  has  the  form  shown  in  Figure  1 when  only  one 
input  variable  is  present.  This  production  function  is 
characterized  by  the  "law  of  diminishing  marginal  returns.” 
According  to  this  economic  law,  the  amount  of  output  per  unit 
of  input  decreases  as  the  amount  of  input  increases.  This 

production  function  could  be  described  by  2m  equation  in  the 
b 

form  y ■ ax  . Data  points  for  this  production  function 
appear  as  a straight  line  when  plotted  on  logarithmic  (lo^ 
log)  graph  paper.  The  equation  for  a production  fxmction  in 
this  form  can  easily  be  computed  using  a hemd— held  program- 
mable or  preprogrammed  calculator. 

Figure  1.  Typical  Production  Function 


i 

}; 


The  simplest  production  function  is  a straight  line 
as  shown  in  Figure  2.  The  form  of  the  equation  for  this  pro— 
duction  function  is  y > a bx.  Data  points  appear  as  a 
straight  line  when  plotted  on  regular  graph  paper.  An  easy 
way  to  determine  the  equation  describing  the  production  func- 
tion is  as  follows:  Firsts  list  the  output  and  input  values 

in  a table.  Second,  plot  the  output  and  input  values  on 
regular  graph  paper.  If  there  is  a general  form  of  a straight 
line,  then  the  equation  describing  the  production  function  can 
be  computed  using  a linear  regression  routine  on  a program- 
mable or  preprogrammed  hand-held  calculator.  The  equation 
can  also  be  computed  using  a linear  regression  computer  pro- 
gram such  as  SPSS  (Statistical  Package  for  the  Social 
Sciences)  or  BIMED  (Biomedical  Computer  Programs) . 


I 
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Figure  2. 


Simple  Production  Function 
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After  the  production  function  haa  been  plotted  and 
the  equation  computed,  the  following  productivity  ratios, 
output  values,  and  other  coefficients  can  be  estimated: 

(1)  An  average  productivity  ratio  which  is  equal  to  the  y 
value  (output)  divided  by  the  corresponding  x value  (input) . 

(2)  A marginal  productivity  ratio  which  is  equal  to  the 
change  in  y (output)  resulting  from  a change  of  one  unit  of 
X (input) . 

(3)  A predicted  value  of  y (output)  which  is  equal  to  the 
value  of  y (output)  given  a specific  value  of  x (input) . 

(4)  An  elasticity  coefficient  which  is  equal  to  the  percent** 

age  change  in  y (output)  divided  by  the  percentage  change  in 

X (ii^)ut)  (Pindyck  and  Rubinfeld,  1976) . 

2 

(5)  The  coefficient  of  determination  (r  ) which  indicates 
the  per  cent  of  variation  in  y (output)  which  is  explained 
by  the  variation  in  x (input)  (Pindyck  and  Rubinfeld,  1976). 

In  the  Department  of  Defense  the  terms  efficiency, 
economy,  and  effectiveness  frequently  take  on  special  conno- 
tations. These  connotations  are  discussed  in  terms  of  the 
production  function  sho«m  in  Figure  2.  Efficiency  frequent- 
ly connotes  an  increased  level  of  output  with  a fixed  level 
of  input.  Boonosqf  frequently  connotes  a reduction  in  the 
level  of  input  without  a reduction  in  the  level  of  output. 
Effectiveness  frequently  connotes  a Masurement  on  the  output 
scale  and  is  frequently  expressed  as  a percentage. 

2.  Bleswnts  of  an  Organisation 

Another  method  to  analyze  the  productivity  of  an 
organisation  is  to  examine  the  el«nents  of  the  organisation. 


An  organization  could  be  described  in  terms  of  three  variables 
(Lyden  and  Miller , 1972) : objectives,  activities,  resotirces. 
Figure  3 depicts  an  organization  in  terms  of  planned  and 
actual  elements. 


Figure  3.  Elements  of  an  Organization 
Planned  Elements 
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A productivity  ratio  in  this  example  is  "Actual  Output" 
divided  by  "Actual  Resource  Expenditure".  The  inverse  of  this 
productivity  ratio  is  the  average  cost  ratio.  The  average 
cost  ratio  is  the  "Actual  Resource  Expenditure"  divided  by  the 
"Actual  Output".  A measure  of  effectiveness  is  "Actual 
Output"  divided  by  "Planned  Output".  A measure  of  resource 
expenditure  is  "Actual  Resource  Expenditure"  divided  by 
"Planned  Resource  Expenditure". 


Using  this  framework,  a U.  S.  Navy  ship  could  be  de- 
scribed in  terms  of  resources,  activities,  and  objectives  as 
shown  in  Figure  4. 


Figure  4.  Organization  Elements  on  a 
U.  S.  Navy  Ship 


Resources 


Activities 


Men  ^ 
Materials  ) 
Services 


J 


Training 
Equipment  Mainten£mce 
Logistics/Support 


Objectives 

Combat 

Readiness 


Each  component  of  the  resources,  activities,  and  ob- 
jectives listed  above  is  measured  £d>oard  U.  S.  Navy  ships. 
Records  are  kept  on  the  number  of  men  assigned,  the  amount 
of  materials  consumed  in  terms  of  OPTAR  funds  expended,  the 
amoxuit  of  services  received  by  the  ship  which  required  OPTAR 
funds,  the  number  of  training  activities  conducted,  the 
amount  of  equipment  maintenance  conducted,  the  amount  of 
logistic  or  support  activities  such  as  spare  parts,  laundry, 
coBimissary,  etc.  and  the  level  of  COTibat  readiness  achieved. 
Data  is  readily  available  for  "Planned  Resource  Expenditure", 
"Actual  Resource  Expenditure",  "Planned  Activities",  and 
"Actual  Activities". 

Data  is  available  to  compute  "Planned  Output"  and 
"Actual  Output".  Bo«rever,  the  output  data  on  combat  readi- 
Mss  is  subjective  based  on  the  commanding  officer's  assess- 
ment of  how  coiBbat  ready  his  ship  is.  Only  the  ratios 


"Actual  Resoxirce  Expenditure"  divided  by  "Planned  Resource 
Expenditure"  and  "Actual  Activities"  divided  by  "Plaimed 
Activities"  are  frequently  ccxnputed  aboard  ships.  These  are 
computed  for  individual  components  such  as  men  or  training 
vice  total  resources  or  total  activities.  In  general,  no 
measure  of  a ship's  productivity  such  as  "Actual  Output" 
divided  by  "Actual  Resource  Expenditure"  is  computed  for 
U.  S.  Navy  ships. 

An  organisation  such  as  a U.  S.  Navy  ship  could  be 
described  as  a system  which  converts  Inputs  such  as  resources 
into  outputs  such  as  services.  A U.  S.  Navy  ship  could  be 
described  as  shown  in  Figure  5. 


Available 

Resources 


Mission 

Accomplishment 


Unit 

Tasking 


The  process  by  which  inputs  are  converted  to  outputs  could 
be  called  "thru-puts."  As  shown  in  Figure  6 "thru-puts" 
consist  of  what  is  to  be  done  (content)  and  what  methods  are 


to  be  used  (process) 


Figures  6 and  7 were  provided  by  Norman  Xjono,  U.  S. 

Navy  BusMn  Resources  ManagesMnt  Center,  San  Diego,  California 
froBi  an  unpublished  paper. 


kTIOH  (toairca  ta  lataraal  to  lait) 


Figure  7 displays  Individual  system  elements  for  a 


U.  S*  Navy  ship.  This  figure  suggests  that  many  productivity 
measures  (output  versus  Input  meastires)  are  possible  for  U.S. 
Navy  ships.  The  major  problem  Is  to  quantify  the  output 
measure  In  a manner  that  Is  meaningful  and  acceptable  to  the 
ship's  commanding  officer  and  higher  authority. 

Figures  6 and  7 address  the  question  "what  Is  the  Im- 
pact of  Internal  and  external  feedback  of  Information?” 
Specifically,  an  Important  question  In  productivity  2malysls 
^ Is  ”what  Is  the  effect  of  the  fe^back  of  productivity  Infor- 

mation on  managers  and  subordinates?”  The  effect  of  the  feed— 
I back  of  productivity  Information  ceui  be  explained  In  terms  of 

j ”cognltlve  dissonance”.  The  theory  of  cognitive  dissonance 

was  first  postulated  by  Or.  Leon  Festlnger.  Cognitive  dls— 

f 

i . sonance  Is  an  unpleasant  reaction  or  tension  which  results 

when  Internal  conflicts  or  Inconsistencies  appear  (Festlnger, 
1957) . The  existence  of  the  dissonance  will  motivate  a person 
to  try  to  reduce  the  dlssonMce  to  achieve  consonance  and  to 
avoid  situations  and  Information  which  would  likely  Increase 
the  dissonance. 

For  example,  productivity  Information  %rhen  provided 
to  a commanding  officer  or  department  head  could  cause  dis- 
sonance If  the  Information  suggests  his  work  centers  are  not 
as  productive  as  hs  thinks  they  are.  This  %iould  be  true  If 
the  productivity  Information  la  not  in  agreement  with  his 
attitudes  and  beliefs.  The  dissonance  causes  the  commemdlng 
officer  or  department  head  to  either  reject  the  information 


35 


as  being  false  and  Inaccurate  or  to  investigate  problems 
suggested  by  the  productivity  information. 

Figure  8 shows  the  possible  effect  of  the  feedback 
of  productivity  information.  Cognitive  dissonance  occurs 
whenever  the  information  is  not  in  agreement  with  previously 
held  attitudes  and  beliefs.  In  the  author's  opinion  the 
feedback  of  productivity  information  can  have  the  following 
effects: 

— cause  cognitive  dissonance  leading  to  the  rejection  of 
the  Information  or  to  the  constructive  investigation  of 
possible  problem  areas, 

— motivate  meuiagers  to  eliminate  problems  suggested  by 
the  productivity  information, 

o motivate  workers  (maintenance  personnel  on  ships)  to 
Improve  their  performance  so  future  productivity  reports 
will  show  improved  perforauuice. 


Figure  8.  Effects  of  Feedback  of 

Productivity  Information 
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Flgiire  8 shows  possible  alternative  perceptions  of 
I productivity  information.  Cognitive  dissonance,  an  un- 

pleasant reaction  or  tension  resulting  when  an  internal  con- 
flict or  inconsistency  appears,  cam  be  present  when  either 
a favorad>le  or  unfavorable  productivity  report  is  received. 

B.  FACTORS  AFFECTING  PRODUCTIVITY 

There  are  mamy  factors  which  affect  the  level  of  produc- 
tivity in  organizations.  In  the  most  general  sense  the 
factors  could  be  classified  into  two  categories:  physical 

factors  and  human  factors.  In  this  section  factors  will  be 
examined  frcxn  two  points  of  view.  First,  factors  affecting 
productivity  in  organizations  in  general  will  be  examined. 
Second,  factors  affecting  productivity  on  U.  S.  Navy  ships 
will  be  examined. 


i.  Factors  Affecting  Productivity  in  Orgemizations 


In  terms  of  factors  affecting  productivity  in  organi- 
zations in  general,  the  international  Labor  Office's  Measur— 
Labor  Productivity  contains  a comprehensive  list  of 
factors  affecting  ledx^r  productivity  (International  Labour 
Office,  1969) • As  shown  in  TeUsle  I the  factors  are  classi- 
fied as  being  general  factors,  organizational  and  technical 
factors,  and  humem  factors.  The  value  in  examining  factors 
affecting  productivity  is  that  changes  can  be  made  in  the 
factors  to  improve  productivity. 

The  Annual  Report  to  the  President  and  the  Congress 
on  Productivity  Programs  in  the  Federal  Government  FY  1974 


cited  many  factors  which  affect  productivity  in  organizations. 


f 
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Table  I. 


Factors 


Affecting  Labor  Productivity 


8 


General  Factors 

Climate 

Geographical  distribution  of  raw  materials 
Fiscal  and  credit  policies 
General  organization  of  the  labor  market 
Proportion  of  the  labor  force  to  the  total  population, 
degree  of  unemployment,  of  labor  shortage,  and  of 
labor  turnover 

Technical  centers  and  informat).on  concerning  new 
techniques 

Ccmnnercial  organization  and  size  of  market 
General  scientific  and  technical  research 
Variations  in  the  composition  of  the  output 
Influence  of  lovh-efficiency  plants  emd  their  varying 
proportion  in  total  output 

Organization  and  Technical  Factors 
Degree  of  integration 
Percentage  of  capacity  used 
Size  and  stability  of  production 
Quality  of  raw  materials 
Adequate  and  even  flow  of  materials 
Subdivision  of  operations 
Balemcing  of  equipment 
Multiple  machine  systems 
Control  devices 
Quality  of  output 

Rationalization  and  standardization  of  work  and  material 
Layout  and  location  of  the  plant 

Maintenance  and  engineering  sejrvices:  safety,  sound, 
ventilation,  air  conditioning,  telephone,  etc. 
Availability,  fitness  and  accessibility  of  tools 
Wear  and  tear  of  machines  and  tools 
Amount  of  machinery  (or  power)  availeUale  per  worker 
Proportion  of  maintenance  labor  to  operating  labor 
Length  and  distribution  of  working  hours 
Selection  of  personnel 

Human  Factors 
Labor-management  relaHons 
Social  and  psychological  conditions  of  work 
Wage  Incentives 

Adaptability  to,  and  like  for,  the  job 
Physical  fatigue 

Composition  (age,  sex,  skill,  and  training)  of  the  labor 
force 

Organization  of  the  spirit  of  emulation  in  production 
Trade  union  practices 

Q 

International  Labour  Office,  Measuring  Labour  Productive 
ity,  p.  13,  Presses  Centrales,  Lausanne;'  Sa, 


Many  factors  are  shown  in  Figures  9 and  10.  The  importance 
of  human  factors  as  indicated  by  employee  attitudes  is  shown 
in  Figures  9 and  10.  Concerning  attitude  measurement,  the 
euinual  report  stated: 

"Attitude  measiirement,  properly  administered,  and 
used,  gives  an  added  dimension  to  performance  assessment 
and  problem  diagnosis  that  is  powerful  in  identifying 
significant  targets  of  opportunity  for  performance  im- 
provement. The  major  objective  of  employee  attitude 
measurement  is  to  provide  top  management  with  the  inform 
mation  needed  to  improve  the  human  side  of  productivity 
and  effectiveness." 

2.  Factors  Affecting  Productivity  on  U.  S.  Navy  Ships 


Table  II  is  a list  of  factors  which  affect  the  level 
of  productivity  on  U.  S.  Navy  ships. 


T2U3le  II.  Factors  Affecting  Productivity 
on  U.  S.  Navy  Ships 


Physical  Factors 


oois 
Test  equipment 
Lighting 
Supplies 
Technology 
State  of  equipment 
maintenance 
Age  of  equipment 
Temperature 
Sound 

Ventilation 
work  measurement 
Space  to  work 


Human  Factors 


upervislon 
Performance  evaluations 
Praise 
Rewards 
Reprimumds 
Penalties 
Motivation 
Job  skills 
Experience 
Training 
Working  hours 
Job  satisfaction 
Number  of  personnel 
Disruptions 
Goals  and  objectives 
Fatigue 
Attitudes 

Theft  and  pilferage 
Infonmation 


Figures  9 and  10  are  published  in  the  JFMIP  Annual  Report 
to  the  President  and  Congress  on  Productivity  Prograaw  in  the~~ 


Figure  11  shows  the  author's  opinion  of  how  the  genr- 
eral  factors  of  technology,  resources,  and  personnel  perfone- 
ance  affect  productivity  on  a U.  S.  Navy  ship,  the  material 
condition  of  the  ship,  and  eventually  the  combat  readiness 
of  the  ship.  Figure  11  also  lists  command  or  management 
actions  which  could  favorably  intact  on  the  productivity  of 
the  ship. 

The  enhancement  of  productivity  is  accomplished  prlnr’ 
cipally  by  Implementing  management  changes  and  policies  which 
favorably  affect  the  input  factors  sho«m  in  Figure  11  or 
which  eliminate  weaknesses  and  impediments  to  higher  productive 
Ity  in  the  organization.  For  example,  a commanding  officer 
or  depeurtment  head  could  implement  policies  to  in^rove  the 
level  of  technology,  the  availability  of  resources  used  in 
work  such  as  tools  and  supplies,  and  the  creation  of  favor«d>le 
tiork  attitudes  among  the  personnel. 

Additionally,  in  the  author's  opinion  there  are  seven 
major  factors  which  positively  affect  productivity  on  U.  S. 

Navy  ships.  These  are: 

(1)  The  statements  and  objectives  concemizig  productivity  and 
efficiency  by  high-ranking  officers  and  civilian  personnel 
throughout  the  Navy. 

(2)  The  requirements  stated  in  U.  S.  Navy  Regulations,  1973 
and  other  publications  and  Instructions. 

(3)  The  high  level  of  experience,  competence,  and  motivation 
of  Navy  personnel. 

(4)  Lisdts  set  by  superiors  regarding  personnel  manning,  steam- 
ing hours,  equipage  allowances,  OPTAR  spending  levels,  etc. 
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Figure  11 


Factors  Affecting  Shipboard  Productivity 
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Note:  An  effective  way  to  provide  an  Increased  level  of  outr- 

put  without  an  Increased  level  of  Input  Is  through  In- 
creased productivity.  The  focus  of  the  effort  should 
be  toward  the  development  of  specific  command  actions 
Involving  any  of  the  Input  factors  which  result  In  an 
Isqproved  level  of  productivity. 
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(5)  The  3M/PMS  System. 

(6)  The  Human  Resources  Managonent  Program. 

(7)  The  knowledge  of  navy  managers  that  a higher  degree  of 
attainment  of  objectives  can  be  achieved  through  greater  pro- 
ductivity and  efficiency. 

In  the  author's  opinion  there  are  12  major  factors 
%dilch  adversely  affect  productivity  on  U.  S.  Navy  ships. 

{ These  are: 

r (1)  Inability  to  measure  productivity. 

i 

t (2)  An  evaluation  system  for  personnel  perfoimeuice  for  offi— 

^ cer  and  enlisted  personnel  which  does  not  emphasize  the 

importance  of  productivity. 

i (3)  Personnel  who  lack  job  satisfaction  who  are  consequently 

dissatisfied,  disinterested,  and  unmotivated. 

I (4)  Inexperienced  and  untrained  personnel. 

t 

(5)  Frequent  crisis  environment  to  effect  equipment  mainten- 
ance due  to  equipment  breakdo«ms,  impending  operations,  etc. 

(6)  Inadequate  tools,  test  equipment,  and  supplies. 

(7)  Training  which  does  not  promote  the  learning  of  skills 
to  improve  productivity  and  efficiency. 

(8)  Lack  of  awareness  of  total  costs,  l.e.,  personnel,  fuel, 
utilities,  repair  services,  etc. 

(9)  Theft  and  pilferage  of  tools  and  materials. 

(10)  Attitudes  such  as  "we  must  spend  everything  we  have  or 
we  won't  get  this  much  next  quarter”  and  "the  more  we  get, 
the  better  we'll  be." 

(11)  Negative  attitudes  about  PM,  the  command,  and  the  Navy. 
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(12)  Lack  of  Incentivaa  to  motivata  parsonnal  to  iaprova  pro- 
ductivity. 

In  the  author's  opinion  the  lack  of  a clearly  defined 
measure  of  productivity  is  a principal  Impediment  to  achiev- 
ing higher  levels  of  productivity.  While  the  general  goal  of 
productivity  and  efficiency  is  expressed  by  practically  every 
commander  and  commanding  officer  in  the  U.  S.  Navy«  no 
specific,  quantitative  goals  can  be  expressed  without  a 
clearly  defined  measure  of  productivity  or  efficiency. 

Again,  in  the  author's  opinion  the  lack  of  emphasis 
on  evaluating  productivity  or  efficiency  on  officer  and  en- 
listed personnel  evaluation  forms  is  a principal  impediment 
to  achieving  higher  levels  of  productivity.  The  present 
evaluation  system  does  not  adequately  measure,  reward,  or 
provide  incentives  for  Improved  productivity. 

C.  BENEFITS  AND  COSTS  OF  A PRODUCTIVITY 

MEASUREMENT  AND  ENHANCEMENT  PROGRAM 

Many  persons  in  the  Department  of  Defense  and  the  Depart- 
ment of  the  Navy  pose  the  questions: 

— Why  worry  about  productivity  measurement? 

— What  is  the  benefit  of  measuring  productivity? 

— Is  productivity  measurement  worth  the  cost  of  collect- 
ing all  the  required  data? 

— Is  productivity  measurement  applicable  to  U.  S.  Navy 
ships? 

These  are  reasonable  questions.  The  answers  are  not  simple. 
In  most  oases  only  the  on-scene  manager  can  answer  them. 


Ho%««vttr,  in  general,  organizations  can  improve  their  perform- 
ance and  mission  accomplishment  with  a productivity  measure- 
ment and  enhancement  program.  The  program  must  be  tailored 
to  the  specific  mission  and  needs  of  the  organization.  The 
program  can  be  simple  or  complex.  With  such  a program  an 
organization  can  inqprove  its  productivity  and  can  accomplish 
its  objectives  and  missions  with  less  resources  than  were 
previously  required.  This  is  becoming  increasingly  important 
in  a world  of  shrinking  resources.  Getting  more  done  with 
less  resources  is  the  essence  of  effective  numagement. 

The  literature  is  full  of  reports  by  profit,  non-profit 
and  government  organizations  which  have  successfully  employed 
productivity  measurement  and  enhancement  programs.  These 
prograuns  have  in^roved  their  levels  of  profit,  services,  and 
accomplishment.  The  Department  of  Commerce  Situation  Report 
Productivity  Series  Bulletin  No.  3 (Appendix  0)  reports: 

"Productivity  measurement  serves  as  a tool  for  produc- 
tivity enhancement  in  four  ways.  First,  the  installation 
of  a measurement  system  and  the  discussion  preceding  it 
heighten  staff  awareness  of  the  importemce  of  raising  out- 
put per  unit  of  input  for  the  maintenance  of  profitability. 
Second,  observed  changes  in  the  numbers  often  have  diag- 
nostic value,  pointing  to  bottlenecks  and  other  impediments 
to  superior  eoeipany  performance.  Third,  the  changes  in  the 
numbers  also  allow  assessment  of  the  consequences  of  in- 
tended remedial  actions.  Fourth,  continuing  discussion  of 
the  validity  of  the  measurements  promotes  productivity^on^ 
sciousness,  contributing  to  an  atmosphere  congenial  to 
operational  as  well  as  statistical  i^rovement. 

"Even  crude  initial  productivity  estimates  can  prove 
beneficial  to  a company's  performance.  Their  availability 
and  use  provide  oooasion  for  serious  communication  between 
management  and  ssvloyees  on  natters  of  mutual  concern.  In 
the  course  of  such  interaotion,  illuminating  Insights  are 
often  generated  and  transmitted." 


Howaver,  It  should  be  noted  that  productivity  measurement 
and  information  are  strictly  an  aid  to  good  meuiagement.  They 
can  have  beneficial  effects.  If  abused,  such  as  using  pro— 
ductivity  information  solely  without  other  information,  pro- 
ductivity information  can  have  adverse  effects  on  an  organi- 
sation. 

A productivity  msasursnent  and  enhancement  program  on 
U.  S.  Navy  ships  using  maintenance,  personnel  and  OPTAR  cost 
Information  can  have  favorable  and  unfavorable  effects  depend- 
ing upon  the  way  it  is  ioqplemented  and  operated.  Some  of  the 
favorable  effects  are: 

(1)  The  program  can  result  in  greater  accomplishment  of  PMS 
and  therefore  Improve  the  material  condition  of  the  ship. 

(2)  The  program  can  result. in  a decrease  in  the  consumption 
of  resources.  Jobs  could  be  done  with  fewer  personnel  and 
less  expenditure  of  OPTAR  funds. 

(3)  The  program  can  result  in  increased  motivation  of  work 
center  personnel  to  be  efficient  and  to  be  less  wasteful  of 
time,  material,  and  supplies.  It  can  increase  their  motiva- 
tion because  of  stated  goals,  a set  measurement  procedure, 
incentives,  and  feedback  of  information. 

(4)  The  program  can  result  in  greater  awareness  of  efficiency, 
cost-consciousness,  and  tiaw— consciousness  by  work  center 
personnel. 

(5)  The  program  can  extend  and  in^rove  the  PUS  system. 

(6)  The  program  can  result  in  improved  management  decisions. 
The  program  can  provide  excellent  and  useful  management 


information.  This  information  in  the  form  of  productivity 
indices  can  be  used  along  with  quantitative,  qualitative,  and 
subjective  information  to  make  management  decisions  on  allo- 
cation of  resources,  scheduling  of  work,  submitting  requests 
for  additional  resources,  and  evaluating  work  center  perform- 
ance. The  productivity  Indices,  when  used  with  other  informa- 
tion, can  be  used  to  detect  problem  areas  and  unfavorable 
trends.  The  indices  can  be  used  as  a basis  for  granting 
awards  and  rewards  for  superior  performance.  The  indices  cem 
be  used  to  support  requests  for  additional  resources  when  it 
cam  be  shown  that  it  «K>uld  be  impossible  to  achieve  a given 
output  with  present  resources. 

Additionally,  the  program,  if  not  properly  implemented 
and  administered,  could  produce  unfavorable  effects.  Semite  of 
these  aure: 

(1)  The  program  could  result  in  generating  excessive  paperwork. 

(2)  The  program  could  result  in  poorer  quality  of  work  if 
work  center  personnel  perceived  that  quamtity  not  quality 
of  work  was  desired.  To  avoid  poorer  quality  of  work,  work 
center  supervisors  and  adx>ve  should  continue  to  closely  super- 
vise the  accomplishment  of  PMS.  They  should  rigorously  ensure 
that  each  maintenance  action  is  properly  accon^lished  with 
the  proper  tools,  with  the  proper  materials,  by  doing  every 
step  on  the  NRC  (Maintenance  Requirement  Caurd) , amd  by  accost 
pushing  the  maintenance  action  on  each  piece  of  equipment  on 
the  EGL  (Equipment  (Soide  List)  as  applicable. 

(3)  The  program  could  result  in  a nd-suse  of  the  productivity 
data.  The  produetivity  indices  alone  are  not  useful  without 
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other  information  such  as  subjective  opinions.  A statement 
such  as  "Work  Center  A is  better  than  Work  Center  B because 
Work  Center  A has  a higher  productivity  index  than  Work  Cen- 
ter B"is  a highly  inaccurate,  misleading,  and  false  statement. 

The  statement  is  a misuse  of  productivity  data  because  it 
doesn't  include  information  on  possible  reasons  for  differ- 
ences such  as  differences  in  personnel,  mission  requirements, 
availability  of  resources,  and  other  factors.  Productivity 
indices  must  be  used  with  other  data  and  information  to  make 
valid  statements,  judgments,  and  decisions. 

(4)  The  program  could  generate  adverse  or  negative  attitudes 
and  emotions  among  work  center  personnel.  Some  individuals 
may  feel  that  measurement  of  productivity  "can't  be  done  on 

a ship"  and  is  therefore  "unfair".  Some  individuals  may  feel 
frustrated  if  they  feel  that  productivity  goals  are  set  uit- 
reallstically  high.  Additionally,  a department  head  who 
says  "working  hours  will  be  extended  one  hour  per  day  until 
the  productivity  Indices  improve"  will  generate  a great  amount 
of  ill  feelings  toward  the  program.  To  avoid  generating 
adverse  or  negative  attitudes  and  emotions  work  center  super- 
visors and  above  should  stress  the  positive  benefits  of  the 
program  and  use  the  productivity  indices  in  a positive  manner. 

(5)  The  program  could  provide  information  which  is  inacctirate.  < 

Relating  the  amount  of  PMS  accomplished  in  a work  center  with 

the  nundMr  of  men  assigned  and  with  the  amount  of  OPTAR  spent 
nay  not  be  a useful  measure  in  some  departments  and  %fork 
centers.  This  is  true  if  a large  portion  of  the  personnel 


and  OPTAR  are  used  for  activities  not  related  to  PMS  accom- 
plishment. To  avoid  this,  an  output  measure  should  be 
selected  which  is  representative  of  the  activities  of  the 
work  center.  Another  solution  to  this  problem  would  be  to 
suhoiit  feedback  forms  to  Include  more  work  center  activities 
in  the  PMS  system.  This  would  have  the  beneficial  effect  of 
extending  the  system. 

D.  FORMULATION  OF  PRODUCTIVITY  MEASURES  FOR  U.  S.  NAVY  SHIPS 
The  process  of  formulating  productivity  measures  is  a 
simple  process  of  dividing  an  output  measure  by  an  input 
measure.  What  is  difficult  is  defining  and  measuring  the 
output  and  input  measures.  In  attempting  to  formulate  pro- 
ductivity measures  for  U.  S.  Navy  ships  the  following  four 
steps  are  followed: 

(1)  Define  the  purpose  and  uses  for  the  productivity  measures. 

(2)  Define  output  measures. 

(3)  Define  input  measures. 

(4)  Define  productivity  measures  utilizing  the  most  suitable 
output  and  input  measures. 

Four  major  purposes  and  uses  of  productivity  measures 
for  U.  S.  ships  are  envisioned.  These  are: 

(1)  To  provide  an  aid  for  shipboard  management  to  provide  in- 
formation which  may  be  useful  in  planning,  resource  allocar- 
tion,  and  control. 

(2)  To  provide  an  Incentive  for  shipboard  personnel  to  achieve 
higher  levels  of  productivity. 

(3)  To  provide  a means  to  promulgate  productivity  goals. 


(4)  To  provide  a meems  to  present  infonaation  to  officers  and 
enlisted  personnel  to  compare  planned  performance  with  actual 
performance. 

The  problem  of  defining  a suitable  output  measure  Is  by 
far  the  most  difficult  aspect  of  formulating  a productivity 
measure  for  U.  S.  Navy  ships.  A ship  has  no  readily  measur- 
able output  such  as  a factory  or  store  would  have.  The  out- 
put of  a ship  Is  Its  ability  to  fight  emd  to  accomplish  Its 
assigned  missions  In  a hostile  environment.  Its  output  Is 
/'Its  combat  readiness.  There  Is  presently  no  accepted  method 
to  physically  measure  the  combat  readiness  of  a ship.  The 
best  one  can  do  Is  to  utilize  a subjective  evaluation  of  the 
combat  readiness  of  a ship  or  to  use  some  measure  of  a ship's 
activities  such  as  equipment  maintenance  or  training.  The 
following  are  a number  of  possible  output  measures  for  U.  S. 
Navy  ships: 

(1)  Number  of  underway  days. 

(2)  Number  of  pieces  of  equipment  fully  operational. 

(3)  Number  of  maintenance  actions  completed. 

(4)  Maintenance  actions  completed  multiplied  by  a weight 
(Importance)  factor. 

(5)  Number  of  PQS  (Personnel  Qualification  Standards)  points 
achieved. 

(6)  Coonandlng  officer's  subjective  estimate  of  the  overall 
cosibat  readiness  of  the  ship. 

Bach  of  these  output  measures  Is  unsatisfactory  In  one  or 
■ore  ways.  There  is  no  perfect  output  measure.  There  Is  no 

52 


output  measure  which  everyone  will  accept.  The  best  one  can 
do  is  to  select  an  output  measure  with  the  most  positive 
features  and  the  least  negative  features. 

Next,  the  input  measures  are  defined.  The  following  in- 
put measures  could  be  used  for  U.  S.  Navy  ships: 

(1)  Number  of  personnel  assigned. 

(2)  Number  of  man-hours  used. 

(3)  Amount  of  OPTAR  consxmed. 

(4)  Amount  of  OPTAR  obligated. 

(5)  Total  resources  used  (OPTAR  funds,  repair  funds,  personnel 
f vinds , etc . ) 

Finally,  possible  productivity  measures  are  formulated 
by  selecting  the  most  suitable  output  and  input  measures.  In 
the  author's  opinion  the  following  are  the  two  simplest  and 
most  suitable  productivity  measures  for  U.  S.  Navy  ships: 

(1)  Personnel  Productivity  Index  « number  of  planned  mainte- 
nance actions  accomplished/number  of  personnel  assigned. 

(2)  OPTAR  Productivity  Index  • number  of  planned  maintenance  actions 
accomplished/amount  of  OPTAR  consumed. 

For  exeunple,  a ship  which  completed  1000  planned  maintenance 
actions  in  a quarter  with  250  men  assigned  and  spent  (consumed) 
$10,000  in  OPTAR  would  have  the  following  indices: 

(1)  Personnel  Productivity  Index  > 1000/250  ■ 4.0  planned 
maintenance  actions  per  man. 

(2)  OPTAR  Productivity  Index  ■ 1000/$10,000  > .10  planned 
maintenance  actions  per  OPTAR  dollar  consumed. 
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The  numerator  of  the  productivity  indices  is  the  output 
measure  of  planned  maintenance  actions  accomplished.  This 
output  measure  was  selected  by  the  author  for  the  following 
reasons : 

(1)  It  is  easily  computable  on  U.S,  Navy  ships  by  counting 
X's  emd  circles  on  PMS  schedules  which  indicate  the  comple- 
tion or  non-completion  of  scheduled  or  non— scheduled  mainte- 
nance actions. 

(2)  It  is  a measure  used  in  the  3M/PMS  System  to  compute  the 
PMS  Recorded  Accomplishment  Rate  in  accordance  with  OPNAVINST 
4790.8  of  20  June  1975,  entitled  "Measuring  PMS  Perfornumce 
Rate”.  The  output  measure  is  the  numerator  in  the  formula 
for  computation  of  the  PMS  Recorded  Accomplishment  Rate.  The 
formula  is: 


PMS  Recorded 
Accomplish- 
ment Rate 


# of  MR's  recorded  . 
as  fully  + y 
acconplished 


# of  MR's  recorded 
as  partially 
accomplished 


# of  MR's  scheduled. 

An  MR  (Maintenance  Requirement)  is  a maintenance  action  listed 
on  an  MRC  (Maintenance  Requirement  Card) . An  example  of  eui 
MR  is  the  lubrication  of  a pump  or  the  adjustment  of  a fan 
belt.  If  a ship  recorded  60  MR's  fully  accomplished  and  40 
MR's  partially  accomplished,  and  scheduled  100  MR's,  the  ship 
would  have  a PMS  Recorded  Accoaq>lishment  Rate  of  .80.  This 
was  computed  as  follows:  (60  t j(40))/100  ■ .80. 

(3)  It  is  understandable  by  shipboard  personnel  since  the 
3M/PMS  System  is  the  maintenance  system  used  aboard  U.  S. 

Navy  ships. 


(4)  It  Is  not  limited  by  definition  as  many  of  the  other  out- 
put measures  are  such  as  underway  days  per  month. 

(5)  It  assumes  that  planned  maintenance  actions  are  accost 
pllshed  whenever  corrective  maintenance  is  required.  It  is 
the  Fleet  Commander's  and  Type  Commander's  policy  in  both 
the  Atlantic  and  Pacific  Fleets  that  planned  maintenance 
actions  be  accomplished  whenever  corrective  maintenance  is 
required.  Fcr  example,  vdien  a pump  breaks  down,  the  proper 
procedure  is  to  check  the  applicable  NCR's  (Maintenance  Re- 
quirement Caras)  and  accomplish  all  the  MR's  (Maintenance 
Requirements)  that  are  required  £nd  related  to  correcting  the 
casualty. 

The  output  measure  of  planned  maintenamce  actions  accom- 
plished has  the  following  limitations; 

(1)  Different  MR's  (Maintenance  Requirements)  have  substan- 
tially different  time  and  material  requirements.  For  exeunple, 
one  MR  can  be  completed  in  five  minutes  while  another  MR 
could  only  be  completed  in  five  hours. 

(2)  Different  ships  have  different  policies  regarding  the 
scheduling  and  recording  of  MR's.  For  example,  one  ship  may 
have  one  line  on  ^ PNS  schedule  for  all  the  small  diesel 
engines  on  the  ship  while  another  ship  may  have  a separate 
line  for  each  small  diesel  engine  on  the  ship.  A completed 
MR  on  the  first  ship  would  be  for  all  the  small  diesels;  a 
completed  MR  on  the  second  ship  would  be  for  only  one  small 
diesel. 

(3)  The  problem  of  inaccurate  or  false  reporting  of  the  num- 
ber of  planned  Mintenance  actions  accomplished  is  present. 
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Inaccurate  or  falae  reporting  could  include  exaggerating  the 
number  of  planned  maintenance  action*  accomplished  or  report-^ 
ing  planned  maintenance  actions  accomplished  on  equipment 
that,  in  fact,  was  not  accoaq>lished.  In  the  u.  S.  Navy  false 
reporting  of  planned  maintenance  actions  accomplished  is  fre- 
quently referred  to  as  "gundecking".  Adequate  supervision, 
emphasis  on  accurate  reporting,  and  cautious  use  of  productive 
ity  information  for  personnel  evaluation  purposes  can  minimize 
the  problem  of  inaccurate  or  false  reporting. 

(4)  The  output  measure  of  planned  maintenance  actions  accom- 
plished does  not  take  into  account  the  quality  of  work 
performed. 

The  output  measure  of  planned  maintenance  actions  accom- 
plished is  considered  to  be  a usable  output  measure  for  U.  S. 
Navy  ships  even  with  its  limitations.  A substantial  improve- 
ment in  this  output  measure  %fould  be  to  weight  each  MR  in 
some  manner  as  to  its  inq>ortance,  its  time  requirements,  its 
materials  requirements,  or  by  some  other  ^^..tor. 


IV.  THE  STUDY 


A.  OVERVIEW  OF  THE  STUDY 

In  conjunction  with  this  research  project,  a study  was 
designed  to  actually  measure  productivity  on  26  U.  S.  Navy 
ships.  These  26  ships  were  participating  in  the  U.  S.  Paci- 
fic Fleet  Equipment  Maintenance  and  Related  Maintenance  (EMRM) 
Project. The  majority  of  the  data  required  for  the  study 
was  already  being  collected  for  the  EMRM  Project. 

The  objectives  of  the  study  were  as  follows: 

— determine  if  productivity  could  be  measured  on  U.  S. 
Navy  ships, 

- compute  productivity  ratios  for  26  U.  S.  Navy  ships, 

— Identify  differences  between  high  and  low  productivity 
ships . 

There  were  two  purposes  in  identifying  differences  between 
high  and  low  productivity  ships.  The  first  purpose  was  to 
determine  if  high  productivity  ships  were  superior  ships.  If 
high  productivity  ships,  in  general,  were  superior  ships  in 
other  areas  as  shown  by  inspection  results,  awards  won,  etc., 
this  would  Indicate  that  the  productivity  measurement  was 
reasonably  accurate  and  valid.  However,  if  the  high  produc- 
tivity ships  were  not  superior  in  other  areas,  this  would 


^The  26  ships  were  the  control  group  for  the  U.  S.  Paci- 
fic Fleet  BquipsMnt  Maintenance  and  Related  Maintenance  (EMRM) 
Project.  The  U.  8.  Pacific  Fleet  EMRM  project  was  coordinated 
by  the  Cowsishding  Officer,  Navy  Manpower  and  Material  Analysis 
Center,  Pacific, 
a 
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suggest  that  the  productivity  measxirement  was  not  accurate, 
not  valid,  or  not  meaningful.  The  second  purpose  in  identify- 
ing differences  between  high  and  low  productivity  ships  was 
to  identify  factors  which  were  related  to  the  level  of  produc- 
tivity on  the  ships.  These  factors  were  Identified  by  admin- 
istering an  attitude  survey  questionnaire,  the  Ship  Efficien- 
cy Questionnaire,  developed  at  the  Naval  Postgraduate  School. 
The  questionnaire  is  shown  in  Appendix  A.  Each  of  the  16 
questions  on  the  questionnaire  measures  an  attitude  or  a per- 
ception regarding  a factor  which  might  be  related  level  of 
productivity  on  the  ships,  such  as  adequacy  of  tools,  extent 
of  praise,  etc.  The  questions  are  grouped  together  to  form 
five  indices X 

— adequacy  of  management, 

— adequacy  of  resources, 

— extent  of  teamwork, 

— extent  of  positive  leadership,  and 

— extent  of  negative  leadership. 

There  were  2212  responses  to  the  questionnaire.  The  adequacy 
of  tools,  adequacy  of  supplies,  the  extent  of  teamwork,  and 
adequacy  of  planning  were  found  to  be  Important  factors  re- 
lated to  the  level  of  productivity  on  the  ships.  It  was  found 
that  nearly  40  per  cent  of  the  respondents  felt  that  they  did 
not  have  adequate  tools  and  supplies  to  work  efficiently. 

This  suggests  a possible  problem  on  many  ships. 

For  this  study  data  was  collected  over  a nine  month  period 
from  1 November  1975  to  31  July  1976.  There  were  three 
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principal  catagorias  of  data  collactad.  First  maintenance, 
personnel,  and  OPTAR  cost  data  (repair  part  costs)  were  col- 
lected. The  purpose  of  collecting  this  data  was  to  compute 
productivity  ratios  for  each  of  the  26  U.  S.  Navy  ships. 

This  data  was  collactad  using  a weekly  maintenance  report 
from  the  EMRM  Project  shown  in  Appendix  J.  This  data  was 
collected  for  the  six  month  period  1 November  1975  to  30 
April  1976.  Second,  performance  data  on  inspections  and 
awards  won  was  collected.  The  principal  purpose  in  collect- 
ing this  data  was  to  determine  if  ships  with  high  productiv- 
ity ratios  were  superior  ships  as  measured  by  other  means. 
This  data  was  collected  for  Fiscal  Year  1976  which  included 
the  period  of  time  maintenance  data  was  collected.  Third, 
enlisted  personnel  attitude  data  was  collected  utilizing  the 
Ship  Efficiency  Questionnaire.  The  purpose  of  collecting 
this  data  was  to  identify  factors  related  to  the  level  of 
productivity  on  the  ships. 

As  shown  in  Table  III  over  5000  documents,  reports,  and 
questionnaires  were  reviewed  and  used  as  sources  of  data  in 
this  study.  These  documents,  reports,  and  questionnaires 
contained  over  300,000  individual  data  elements  which  were 
used  in  this  study.  In  ccmpillng,  displaying,  and  analysing 
this  data  over  100  computer  programs  «rere  written  and  run 
with  this  data. 


TABLE  III.  Documents,  Reports,  and  Questionnaires 
Reviewed  and  Utilized 


Type 


Approximate  Number 


Haintenance  2000 
Personnel  150 
Inspection  Results  50 
Awards  200 
NAVFORSTAT  Reports  600 
OPTAR  Reports  150 
Attitude  Questiozmaires  2212 


Total  5362 


Data  was  collected  on  the  following  U.  S.  Navy  ships: 

MARS  (AFS-1),  SHASTA  (AE-33) , PONCHATOULA  (AD-148),  KAWISHIWI 
(AD-146),  WICHITA  (ADR-1),  ABNAKI  (ATF-96) , TAHAKONI  (ATP- 
114),  MOLALA  (ATF-106),  REEVES  (CG-24) , STERETT  (CG-31) , 

TOWERS  (DDO-9),  HOEL  (DDG-13) , LANG  (FF-1060) , BADGER  (FF- 
1071),  KIRK  (FF-1087),  COOK  (FF-1083) , MOBILE  (LKA-115) , 
DENVER  (LPD-9) , DULUTH  (LPD-6) , TRIPOLI  (LPH-10) , PT.  DE- 
FIANCE (LSD-31),  NT.  VERNON  (LSD-39),  FRESNO  (LST-1182) , 
TUSCALOOSA  (LST-1187) , BARBOUR  CTY  (LST-1195) , BRISTOL  CTY 
(LST-1198) . 

These  ships  represent  a cross  section  of  U.  S.  Navy  ships. 
The  displacvnent  of  these  ships  ranged  from  approximately 
1800  tons  for  the  ATF's  (Fleet  Tugs)  to  approximately  18,000 
tons  for  the  LPH  (Amphibious  Assault  Ship)  • The  nusiber  of 
personnel  assigned  to  these  ships  raziged  from  approximately 
60  men  for  the  ATF's  to  approximately  500  men  for  the  LPH. 

In  addition  to  the  fizidings  and  recosssezMlations  from  the 
study,  three  "productivity  itesw*  were  developed  for  use 
aboard  U.  8.  Navy  ships  as  desired  by  izzdividual  commanding 


officers.  The  first  "productivity  item”  is  the  Shipboard 
Productivity  Improvement  Program  shown  in  Appendix  A.  It  is 
written  in  the  form  of  a u.  S.  Navy  instruction.  The  second 
"productivity  item"  is  the  Ship  Efficiency  Questionnaire 
shown  in  Appendix  A.  It  is  considered  a valid  instrument  to 
measure  attitudes  and  perceptions  of  enlisted  personnel 
aboard  U.  S.  Navy  ships  regarding  factors  related  to  the 
level  of  productivity.  The  third  "productivity  item"  is  the 
Ship  Productivity  Report  shown  in  Appendix  C.  It  is  the 
format  for  an  automated  (computer-4>ased)  report  that  contains 
productivity  information.  

B.  PRODyCTIVITy' MEASUREMENT  ON  26  U.  S.  NAVY  SHIPS 
1.  Input  and  Output  Measures 

The  first  step  in  measuring  productivity  in  an  org«ui— 
ization  is  to  measure  inputs  and  outputs  in  the  organization. 
For  the  26  U.  S.  Navy  ships  in  this  study » the  following  inr- 
put  and  output  measures  were  used: 

Output  — planned  maintenance  actions  accomplished. 

Input  (personnel)  — average  number  of  men  assigned. 

Input  (materials)  — amount  of  OPTAR  consumed  for  repair 
parts. 

These  output  and  input  measures  were  conputed  as 

follows  t 

— planned  maintenance  actions'  accomplished  ■ number  of 
MR's  (Maintenance  Requirements  such  as  lubricating  a pump) 
recorded  as  being  fully  accomplished  -f  1/2  the  number  of 
MR's  recorded  as  being  partially  accomplished, 
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— average  nximber  of  men  assigned  • number  of  enlisted 
men  assigned  to  the  ship  on  the  first  day  of  the  month  the 
number  of  enlisted  men  assigned  to  the  ship  on  the  last  day 
of  the  month 

— amount  of  OPTAR  consumed  for  repair  parts  ■ the  cost 
of  all  the  repair  parts  used  during  the  mqnj;h.  In^maintenance . 

Table  IV  is  a sunroAry'^yf'^e  output  and  input  measures 
for  26  ships.  The  actual  names  of  the  ships  are 

not  listed  to  provide  confidentiality  for  individual  ships. 

As  can  be  seen  in  Table  IV,  the  average  output  of  planned 
maintenance  actions  accomplished  for  the  26  ships  was  3026.7 
actions  per  month,  the  average  number  of  men  assigned  was 
264.5  men  per  month,  and  an  average  amount  of  OPTAR  consumed 
for  repair  parts  was  of  $6876.68  per  month. 

Frequently  it  is  desirable  to  examine  changes  or 
trends  in  the  output  and  input  measures.  Figure  12  is  a time- 
series  plot  of  the  output  measure  planned  maintenance  actions 
accomplished  for  the  six  month  period  from  1 November  1975  to 
30  April  1976.  As  can  be  seen  in  Flgtire  12,  the  number  of 
planned  maintenance  actions  accomplished  per  month  fluctuated 
rather  markedly.  Reasons  for  these  fluctuations  were  not 
detersiined  in  this  study. 

Bxaisination  of  the  data  in  Table  IV  and  Figure  12 
suggest  the  following* 

— there  is  substantial  variability  among  the  ships  and 
the  types  of  ships  in  tenu  of  output  and  input  measures. 


— output  and  ii^ut  measures  can  be  computed  for  u.  S. 
Navy  ships  once  they  are  clearly  defined. 
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Table  IV.  Output  and  Input  Measures  for  26  U.S.  Navy  Ships 
(Average  per  Month)  _ _ 


Plamad  ^ 

MaLntMianoe 

' Average  OFTAR  $ 

Noobar  of  Oonaunad  for 

— 

Actions 

Mm 

Ripair 

Ship 

Ocnbatant  Type  Ossn) 

AoooBoliahac 

1 Assigned 

Parts 

3218.3 

274.5  $11723.10 

01 

3861.6 

368.8 

22220.66 

02 

3395.8 

290.3 

8284.50 

03 

2410.8 

208.3 

8133.50 

04 

2394.3 

227.2 

9823.50 

05 

4502.7 

349.2 

14410.83 

06 

3398.4 

299.3 

10510.50 

07 

2877.9 

236.5 

12471.16 

08 

2905.3 

216.8 

7930.00 

JiBBhibious  lypeCmean)  3233.2 

294.0  $ 

5714.63 

09 

2759.4 

316.8 

4198.83 

10 

49U.5 

389.3 

5355.83 

U 

4518.3 

511.7 

9013.33 

12 

2874.0 

282.5 

5537.33 

13 

2606.9 

201.2 

4517.66 

14 

4008.9 

390.7 

6832.50 

15 

3066.3 

285.3 

7872.66 

16 

2206.5 

187.7 

2322.83 

17 

2202.1 

184.0 

6159.83 

18 

3176.3 

191.7 

5335.50 

Servioe  Type  Onsan) 

2576.9 

217.4  $ 

3482.85 

19 

5609.5 

353.5 

5875.66 

20 

1954.8 

276.2 

3914.67 

21 

4206.5 

345.5 

5160.50 

22 

875.8 

61.7 

2567.17 

23 

3795.9 

301.0 

4917.66 

24 

2396.9 

270.2 

2996.83 

25 

805.1 

66.2 

825.83 

26 

970.8 

64.8 

1604.50 

Total  (BBsan) 

3026.7 

264.5  $ 

6876.68 

Standard  daviation 

1268.0 

104.8  $ 

5666.26 

— output  and  input  measures  alone  without  other  Informa- 
tion provide  little  useful  information  to  evaluate  perform- 
ance or  to  identify  problem  areas, 

— output  and  input  information  must  be  used  with  other 
information  such  as  output  and  input  objectives  and  targets 
for  them  to  be  useful, 

— changes  in  the  output  and  input  measures  can  be  best 
seen  on  a time— series  plot, 

— the  level  of  output  of  planned  mainteneuice  actions  ac- 
complished is  greatly  affected  by  variables  other  than  input 
variables  such  as  number  of  working  days  in  the  month,  n\mi— 
ber  of  holidays,  ntimber  of  underway  days,  number  of  planned 
maintenance  actions  scheduled,  number  of  equipment  casualties 
requiring  corrective  maintenamce,  etc. 

2.  A Production  Function 

Once  output  and  input  information  has  been  collected 
for  an  organization,  it  is  relatively  easy  to  plot  and  com- 
pute production  functions.  A production  shows  the  relation- 
ship between  output  and  input.  In  this  study  a production 
function  for  the  26  U.  S.  Navy  ships  is  shown  in  Figure  13. 
The  regression  equation  for  this  production  function  was  com- 
puted utilizing  a linear  regression  computer  program  and 
verified  using  a linear  regression  program  on  a hand-held 
progransuUsle  calculator. 

For  this  production  function,  average  productivity 
ratios,  a marginal  productivity  ratio,  and  elasticity  coeffi- 
cients can  be  estimated.  For  the  26  ships  in  this  study  the 
following  estimates  were  calculated t 
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Actions  Accomplished 
Month 


Figure  13.  Production  Function  of  Planned  Maintenemce 
Actions  Accomplished  for  26  U.S.  Navy  Ships 


Output  ^ 3031  planned  main t actions 
Input  26^  men  assigned 

* 11.44  planned  maintenance 
actions  per  man 

Change  in  output 
(Change  in  1 unit  of  input 

9«88  planned  maintenance  actions 
l.b  men  assigned 

9.88  plemned  maintenance  actions 
per  man 

% change  in  output  _ ,88 

1%  change  in  input  “ 1.00 

.88 

I 

I 

^ The  estimates  for  the  26  ships  in  this  study  indicate  for  a 

ship  with  265  men  assigned,  each  man  accomplished  11.44 
planned  maintenemce  actions  per  month  on  the  average.  The 
addition  of  one  extra  man  would  result  in  an  estimated  in~ 
j crease  of  9.88  pl2umed  maintenance  actions  accomplished  per 

month. 

The  elasticity  of  output  with  respect  to  input  of 
.88  indicates  that  for  every  one  per  cent  change  in  the  input 
of  average  men  assigned,  there  will  be  a .88  per  cent  change 
in  the  output  of  planned  maintenance  actions  accomplished. 

The  regression  equation  for  this  production  function 
is  linear  in  the  form  y • a bx.  The  regression  equation  is 

Y > 412.70  4-  9.88X,  where 

Y ■ planned  maintenance  actions  accomplished,  and 

X ■ avexiige  number  of  men  assigned. 


(1)  Average  productivity 
ratio  for  a ship 
with  265  men  assigned 


(2)  Marginal  produc- 
tivity ratio 


(3)  Elasticity  of  output 
with  respect  to 
input 
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Relevant  statistics  of  this  regression  equation  are  as  fol- 
lows: 

r^  » .76 

Standard  Error  of  Estimate  ” 606.33 
t statistic  “ 8.67 

F statistic  * 74.88 

n « 26 

These  relevant  statistics  indicate  that  the  regression  equa- 
tion is  a reasonable  model  to  describe  the  relationship  of 

2 

the  data  collected  on  the  26  ships.  The  r of  .76  indicates 
that  76  per  cent  of  the  variation  in  output  cem  be  explained 
by  the  variation  in  the  input  (average  number  of  men  as- 
signed) . The  Standard  Error  of  Estimate  of  606.33  indicates 
that  95  per  cent  of  all  estimates  of  output  will  be  within 
plus  or  minus  1.96  times  606.33  planned  maintenance  actions 
accoiQ)lished.  The  t and  F statistics  indicate  that  the  re- 
gression equation  and  the  b coefficient  (9.88)  are  signifi- 
cant and  contribute  to  the  expleuiation  of  the  variation  in 
output.  The  n of  26  indicates  there  was  one  data  point  for 
each  of  the  26  ships. 

To  test  this  regression  equation,  the  data  for  Ship 
15  was  used  to  determine  how  closely  the  actual  niimber  of 
planned  maintenance  actions  accomplished  could  be  estimated 
for  the  average  number  of  men  assigned  for  Ship  15  using  the 
model.  Using  the  model,  the  estimated  number  of  planned 
maintenance  actions  accomplished  was  3232.9  with  285.3  aver- 
age number  of  men  assigned.  The  actual  value  for  Ship  15 
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with  285.3  average  number  of  men  assigned  was  3066.3  planned 
maintenance  actions  accomplished.  The  difference  between  the 
estimated  value  and  the  actual  value  was  166.6  planned  mainte- 
nance actions  accomplished  which  is  approximately  a five  per 
cent  difference. 

The  production  function  shovm  in  Figure  13  could  be 
used  for  sensitivity  analysis  to  answer  "what  if  questions 
regarding  what  would  happen  to  the  level  of  output  with 
various  changes  in  the  level  of  input.  For  exeunple,  what 
would  happen  to  the  level  of  output  if  the  level  of  input  was 
changed  on  Ship  15  from  285  men  to  250  men.  Using  the  model, 
it  could  be  estimated  that  the  output  of  planned  maintenemce 
actions  accomplished  would  drop  from  approximately  3233  to 
2884  actions  per  month.  This  would  be  a decrease  of  approxi- 
mately 11  per  cent  in  the  number  of  plaiuned  maintenance 
actions  accomplished  per  month. 

This  11  pex  cent  decrease  in  output  of  pleuined  mainte- 
nance actions  accomplished  could  also  be  estimated  using  the 
conq>uted  elasticity  coefficient  of  .88.  In  this  case  with 
Ship  15,  the  level  of  input  was  to  be  reduced  from  285  men  to 
250  men  (12  per  cent).  The  estimated  decrease  in  output  could 
be  calculated  by  multiplying  .88  times  12  per  cent  which 
equals  11  per  cent. 

A production  function  showing  the  relationship  between 
the  output  of  planned  maintenance  actions  accomplished  and  the 
input  of  amount  of  OPTAR  consumed  for  repair  parts  was  also 
coB^uted.  However,  the  relationship  between  the  output  and 
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this  input  was  found  to  be  not  strong  enough  to  make  accurate 
estimates  of  productivity  ratios  or  for  sensitivity  imalysis. 
The  input  of  average  number  of  men  assigned  is  strongly  corre- 
lated (r  > .87}  with  the  output  of  planned  maintenance  actions 
accomplished^^  The  input  of  amount  of  OPTAR  constimed  for  re- 
pair paurts  is  less  strongly  correlated  (r  > .45)  with  the 
output  of  planned  maintenance  actions  accompli'shed. 

Additionally,  it  was  found  that  the  partial— correla- 
tion coefficient  showing  the  relationship  between  the  amount 
of  OPTAR  consumed  for  repair  parts  and  the  number  of  planned 
maintenance  actions  accomplished  holding  the  effects  of  the 
average  number  of  men  assigned  constamt  was  .10  which  was  not 
statistically  significamt  at  the  .05  level  of  significance. 
This  suggests  that  there  is  little  relationship,  if  amy,  be- 
tween the  amount  of  OPTAR  consumed  for  repair  parts  auid  the 
number  of  planned  maintenauice  actions  accomplished.  Addi— 
tional  Information  on  the  relationship  between  output  and 
input  on  the  26  ships  is  provided  in  Appendix  J. 

3.  Productivity  Ratios 

Utilizing  the  output  and  input  information  collected 
for  the  26  ships  in  this  study,  it  was  possible  to  directly 
compute  productivity  ratios.  Two  productivity  ratios  were 


^^A  Pearson  correlation  coefficient  r of  -t-1.0  or  -1.0 
indicates  a perfect  relationship.  A Pearson  correlation 
coefficient  r of  0.0  indicates  no  relationship  exists. 
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computed  for  each  ship.  A labor  productivity  ratio  — planned 
maintenance  actions  per  man  was  computed.  It  was  computed  as 
follows : 


Planned 
maintenance  * 
actions 
per  man 


planned  maintenance  actions  accomplished 
average  number  of  men  assigned 


A materials  productivity  ratio  — plemned  maintenance  actions 


per  OPTAR  dollar  was  computed.  It  was  ccsnputed  as  follows: 


Planned 
maintenance 
actions  per 
OPTAR  dollar 


planned  malnteneuice  actions  accomplished 
aunount  of  OPTAR  consvimed  for  repair  parts 


Table  V displays  the  productivity  ratios  for  the  26 
U.  S.  Navy  ships.  In  examining  this  table  it  can  be  seen  that 
the  average  labor  productivity  ratio  is  11.81  planned  mainte- 
nance actions  per  man.  The  average  materials  productivity 
ratio  is  .92  planned  maintenance  actions  per  OPTAR  dollar. 

Frequently  it  is  desirable  to  examine  changes  or 
trends  in  productivity  ratios  to  determine  if  productivity  is 
inq>roving  or  declining.  Figure  14  is  a time-series  plot  of 
the  labor  productivity  ratio  planned  maintenance  actions  per 
man  per  month  for  the  six  month  period  1 November  1975  to  30 
April  1976.  It  shows  there  is  substantial  changes  from  month 
to  month.  Determination  of  the  reasons  for  these  changes  was 
not  accomplished  in  this  study.  Determination  of  reasons  why 
productivity  ratios  change  from  month  to  month  la  an  impor- 
tant aspect  of  productivity  analysis. 

Bxaaiination  of  the  data  in  Table  V suggests  the 
following: 


I 
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Table  V.  Productivity  Ratios  for  26  U.S.  Navy  Shlps^^ 
(Average  per  Month) 


Planned 

Planned 

Maintenance 

Maintenemce 

Actions  per 

Actions  per 

Sl^ 

Ccxnbatant  Type  (mean) 

Man 

OPTAR  Dollar 

11.77 

10.52 

.42 

.20 

01 

02 

11.71 

.43 

03 

11.60 

.76 

04 

10.51 

.27 

05 

12.89 

.35 

06 

11.36 

.36 

07 

12.20 

.24 

08 

13.40 

.78 

^nphibious  Type  (mean) 
09 

11.48 

8.73 

1.07 

.93 

10 

12.63 

1.19 

11 

8.83 

.55 

12 

10.12 

.72 

13 

12.96 

.75 

14 

10.28 

.88 

15 

10.74 

.62 

16 

11.81 

3.81 

17 

12.07 

.41 

18 

16.58 

.85 

Service  Type  (mean) 
19 

12.26 

15.86 

1.23 

3.10 

20 

7.06 

.54 

21 

12.17 

.95 

22 

14.23 

.45 

23 

12.63 

.88 

24 

8.88 

1.32 

25 

12.18 

1.70 

26 

15.03 

.91 

Total  (mean) 

11.81 

.92 

Total  standard 

deviation 

2.73 

1.81 

12 

The  productivity  ratios  were  cony}uted  by  averaging  six 
monthly  productivity  ratios.  They  were  not  computed  using 
the  data  in  Table  IV. 
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(1)  Productivity  ratios  can  be  conputed  for  U.  S.  Navy  ships 
once  the  productivity  measure,  output  measure,  and  input 
measure  have  been  defined. 

(2)  There  is  substantial  variability  between  the  ships  in 

terms  of  each  productivity  measure.  With  the  measure  planned  maint 
nance  actions  per  man  the  ratio  for  the  highest  ship  is  more 
than  double  the  ratio  for  the  lowest  ship.  For  the  measure  planned 
maintenance  actions  per  OPTAR  dollar  the  ratio  for  the  high- 
est ship  is  nearly  20  times  the  ratio  for  the  lowest  ship. 

(3)  Productivity  measures  must  be  used  with  other  management 
information  to  be  useful  in  identifying  and  diagnosing 
potential  problem  areas. 

(4)  A BAjor  value  of  computing  the  productivity  ratios  is 
that  they  provide  an  awareness  of  the  relationship  between 
output  and  input,  suggest  possible  problem  areas,  emd  suggest 
possible  favorable  or  unfavorable  trends. 

4.  Average  Cost  Ratios 

Once  output  and  input  information  has  been  collected, 

average  cost  ratios  can  be  confuted.  Average  cost  ratios 

are  the  inverses  of  productivity  ratios.  Average  cost  ratios 

are  computed  as  follows t 

Average  Cost  , Input  Measure 
Ratio  output  Kleasure 

In  this  study  three  average  cost  ratios  were  computed  for 

each  of  the  26  ships.  The  following  average  cost  ratios 

were  oosqputedt 
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— Mil-hours  nunbsr  of  man  hours  expended  on  planned 

I per  planned  ^ maintenance  actions 

Mlntenance  number  of  planned  Mlntenance  actions 
action  accoiqpllshed 

— OPTAR  cost  amount  of  OPTAR  consumed  for 

per  planned  _ repair  P>rts  

Mlntenance  nu^er  of  planned  Mlntenance  actions 
action  accomplished 

— personnel  & estlMted  personnel  6 repair 
repair  part  _ part  costs 

j costs  per  number  of  planned  Mlntenance  actions 

planned  accKXBpllshed 

Mint  action 

These  average  cost  ratios  are  listed  In  Table  VI. 

i Examining  this  table.  It  can  be  seen  that  on  the  average  1.15 

\ 

Mn  hours  were  expended  on  each  planned  maintenance  action 


I accomplished,  $2.34  was  spent  for  repair  parts  for  each 

^ ’ planned  Mlntenance  action  accomplished,  and  there  was  an 

I I estimated  $92.11  in  personnel  and  repair  part  costs  for  each 

I ( planned  Mlntenance  action  accomplished.  The  average  cost 

I . 

ratios  are  listed  to  demonstrate  how  average  cost  ratios  can 
be  computed  with  output  and  input  Information  on  U.  S.  Navy 
ships. 


Examination  of  the  data  In  Table  VI  suggests  the  fol- 
lowings 

(1)  There  Is  substantial  variability  between  ships. 

(2)  fihen  ocxqiuting  estlMted  personnel  costs  and  OPTAR  costs 
for  repair  parts,  estlMted  personnel  costs  are  approxlMtely 
40  times  the  OPTAR  costs  for  repair  parts. 

(3)  Average  cost  ratios  can  be  easily  cos^ted  and  understood. 

(4)  One  of  the  principal  values  of  average  cost  ratios  Is  the 
ssM  as  productivity  ratios  — they  provide  an  awareness  of 
the  relationship  betwsM  output  and  Input. 
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Table  VI.  Average  Coat  Ratios  for  26  U.  S.  Navy  Ships 
(Average  per  Month) 


MavHiours 

(X>IAR  Cost 

Personnel 

Per  Flamed  Per  Planned  & Repair  Part 

Maintenance  Maintenanoe  Costs  per  Planned 

Ship 

Action 

Action 

_ 

Maint  Actioni^ 

Ooebatant  Type  (mean) 

1.23 

$3.71 

$90.89 

01 

1.13 

5.82 

102.50 

02 

1.45 

2.44 

88.37 

03 

1.52 

3.66 

91.97 

04 

1.48 

4.10 

103.91 

05 

1.11 

3.20 

81.37 

06 

1.08 

3.28 

94.03 

07 

1.30 

4.35 

87.14 

08 

.75 

2.80 

77.80 

Jtaphifaious  Type  (mean) 

1.15 

$1.85 

$94.51 

09 

.99 

1.49 

121.29 

10 

1.06 

1.07 

87.85 

11 

1.07 

2.05 

116.37 

12 

1.89 

1.98 

104.09 

13 

.87 

1.84 

80.39 

14 

1.40 

1.69 

101.04 

15 

1.11 

2.57 

96.36 

16 

.91 

1.09 

86.96 

17 

1.19 

2.98 

88.51 

18 

.99 

1.70 

62.22 

Service  Type  (naan) 

1.08 

$1.58 

$90.34 

19 

.64 

1.01 

64.60 

20 

1.79 

2.03 

145.62 

21 

.96 

# 1.27 

83.96 

22 

.95 

2.84 

76.13 

23 

1.02 

1.32 

81.31 

24 

1.41 

1.33 

117.25 

25 

.89 

1.06 

83.98 

26 

.97 

1.83 

69.86 

Total  (maan 

1.15 

$2.34 

$92.11 

Total  Standard 

deviation 

.39 

1.73 

23.50 

ooM  estimatad  by  multiplying  the  average 
nuRtMT  of  amn  assigned  par  month  fay  $1000. 
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C.  DIFFERENCES  BETWEEN  HIGH  AND  LOW  PRODUCTIVITY  SHIPS 

In  this  Study  the  26  ships  were  divided  into  two  groups 
according  to  their  productivity  ratios.  The  ships  with  above 
average  labor  productivity  ratios  planned  maintenance  actions 
per  man  were  designated  high  productivity  ships.  The  ships 
with  below  average  labor  productivity  ratios  planned  mainte- 
nance actions  per  man  were  designated  low  productivity  ships. 
Differences  between  the  two  groups  of  ships  were  examined  to 
determine  if  the  productivity  measurement  was  accurate  and 
valid  and  to  isolate  factors  related  to  levels  of  productiv- 
ity on  U.  S.  Navy  ships. 

In  examining  the  differences  between  the  high  and  low  pro- 
ductivity ships r three  st>?ps  were  follows.  First,  the  high 
and  low  productivity  ships  were  compared  in  terms  of  three 
productivity  ratios:  planned  maintenance  actions  per  man, 
planned  maintenance  actions  per  OPTAR  dollar,  and  planned 
maintenance  actions  per  man-hour.  Second,  the  high  and  low 
productivity  ships  were  compared  in  tejnns  of  PMS  accomplish"- 
ment  rate,  PMS  inspection  scores,  number  of  major  awards  won, 
and  number  of  departmental  awards  won.  Third,  the  high  and 
low  productivity  ships  were  compared  in  terms  of  enlisted 
personnel  attitudes  as  measured  by  the  Ship  Efficiency  Ques- 
tionnaire sho«m  in  Appendix  A. 

1.  Differences  in  Productivity  Ratios 

In  terms  of  productivity  ratios,  the  high  productiv- 
ity ships  had  higher  average  productivity  ratios  than  the 
low  productivity  ships.  The  high  productivity  ships  had  a 
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higher  average  planned  maintenance  actions  per  man,  planned 
maintenance  actions  per  OPTAR  dollar,  and  planned  maintenance 
actions  per  man-hour  than  the  low  productivity  ships.  Figure 
15  displays  the  differences  in  these  productivity  ratios 
between  the  two  groups  of  ships. 

In  examining  these  differences  it  has  to  be  determined 
if  these  differences  were  true  differences  or  merely  the 
result  of  a chance  occurrence.  To  determine  if  these  differ- 
ences were  true  differences,  the  statistical  t— test  was  used 
to  test  the  differences  in  the  mean  productivity  ratios  be- 
tween the  high  and  low  productivity  ships.  It  was  found  that 
the  differences  between  the  high  and  low  productivity  ships 
were  statistically  significant  at  the  .05  level  of  signifi- 
cance for  planned  maintenance  actions  per  man  and  for  planned 
maintenance  actions  per  mem— hour.  This  Indicates  that  there 
is  at  least  a 95  per  cent  chance  that  the  differences  are 
true  differences.  There  is  less  than  a 5 per  cent  chance 
that  the  differences  are  due  to  a chance  occurrence.  It  was 
found  that  the  difference  between  the  high  and  low  productiv- 
ity ships  was  not  statistically  significant  at  the  .05  level 
of  significance  for  planned  maintenance  actions  per  OPTAR 
dollar.  This  suggests  that  there  may  not  be  a true  difference 
between  the  high  and  low  productivity  ships  in  terms  of  the 
productivity  ratio  planned  maintenance  actions  per  OPTAR 
dollar. 
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2.  Differences  in  Other  Performance  Ratios 


Nextr  the  high  and  low  productivity  ships  were  com- 
pared in  terms  of  other  performance  data.  The  high  productiv- 
ity ships  had  a higher  average  PMS  accomplishment  rate,  a 
higher  average  PMS  inspection  score,  a higher  average  number 
of  major  awards  won,  and  a higher  average  number  of  depart- 
mental awards  won.^^  Figure  16  displays  the  differences  in 
these  performance  measures  between  the  high  and  low  productiv- 
ity ships.  It  was  found  that  the  difference  between  the  high 
and  low  productivity  ships  in  terms  of  PMS  accomplishment 
rate  was  statistically  slgnificemt  at  the  .05  level  of  signi- 
ficance. This  sviggests  that  there  are  true  differences  between 
the  high  and  low  productivity  ships  in  terms  of  PMS  accomplish- 
ment rate.  It  was  found  that  the  differences  between  the 
high  and  low  productivity  ships  were  not  statistically  signi- 
ficant at  the  .05  level  of  significance  for  PMS  inspection 
scores,  number  of  major  awards  won,  and  number  of  departmental 
awards  won.  This  suggests  that  there  are  not  true  differences 
between  the  high  and  low  productivity  ships  in  terms  of  PMS 
Inspection  scores,  number  of  major  awards  won,  and  number  of 
departmental  awards  won. 


^^Additionally,  C-rating  data  on  the  material  readiness  of 
the  ships  was  collected  by  systematic  sasqpling  of  NAVFORSTAT 
reports.  The  high  productivl^  ships  had  a slightly  higher 
average  per  cent  of  days  in  the  two  highest  categories  of 
material  readiness.  However,  the  difference  between  the  high 
and  low  productivity  ships  was  not  statistically  significant 
at  the  .05  level  of  significance. 


Figure  16.  Differences  in  High  and  Low  Productivity 
Ships  in  Terms  of  Performeuice  Measures 
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Differences  statistically  significant  at  .05  level  of 
significance.  Planned  maintenance  actions  per  man  was 
found  to  be  positively  correlated  (r  ■ .70)  with  PNS 
accoBQ>lishiBsnt  rate.  N = number  of  ships. 


The  differences  between  the  high  and  low  productivity 
ships  in  terms  of  productivity  ratios  and  performance  measures 
such  as  PMS  accomplishment  rate  suggest  the  following: 

(1)  High  productivity  ships  as  determined  by  the  labor  produc- 
tivity measure  planned  maintenance  actions  per  man  appear / in 
general,  to  be  superior  to  the  low  productivity  ships  in  terms 
of  the  productivity  and  performance  measures  examined  in  this 
study. 

(2)  The  productivity  measure  planned  maintenance  actions  per 
man  appears  to  be  a reasonably  accurate  and  valid  labor  produc- 
tivity measure. 

(3)  The  materials  productivity  measure  planned  maintencuice  ac- 
tions per  OPTAR  dollar  appeaurs  to  be  less  accurate,  less  valid, 
emd  less  me2uiingful  than  the  labor  productivity  measure  planned 
maintenance  actions  per  man. 

3.  Differences  in  Enlisted  Personnel  Attitudes  and 
Perceptions 

Lastly,  the  high  and  low  productivity  ships  were  con^ 
pared  in  terms  of  the  attitudes  and  perceptions  of  the  en- 
listed personnel  on  the  ships.  This  was  done  by  comparing  the 
responses  of  the  personnel  from  the  Ship  Efficiency  Question- 
naire* The  questionnaire  was  designed  to  measure  attitudes 
mmd  paroeptlons  of  enlisted  personnel  regarding  factors  which 
■ar  affeot  pcodaetiwity  such  as  adeqtiacy  of  tools.  A total 
atatf  peraoaael  responded  to  the  questionnaire. 
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the  responses  fraai  personnel  on  the  high  and  low  productivity 
ships  was  to  identify  factors  related  to  productivity  levels 
on  the  ships.  Identification  of  factors  related  to  productiv- 
ity levels  could  lead  to  a better  understemding  emd  explana- 
tion of  why  some  ships  have  higher  productivity  ratios  than 
other  ships. 

In  this  study  it  was  found  that  enlisted  personnel  on 
the  high  and  low  productivity  ships  have  consistent  differ- 
ences in  terms  of  attitudes  and  perceptions.  Figure  17  dis- 
plays the  mean  score  on  each  of  the  five  indices  measured  by 
^ the  Ship  Efficiency  Questionnaire  of  enlisted  personnel  on 

I the  high  and  low  productivity  ships.  The  index  scores  are  on 

15 

I a scale  of  one  to  five.  A higher  score  indicates  a more 

[ positive  attitude  or  perception  concerning  the  factor  being 

measured.  On  each  of  the  indices  the  personnel  on  the  high 

^ productivity  ships  had  a higher  mean  index  score.  This  indi— 

i 

cates  that  the  personnel  on  the  high  productivity  ships  had 
a more  positive  attitude  toward  the  factor  being  measured 
by  the  index  than  the  personnel  on  the  low  productivity  ships. 
Personnel  on  the  high  productivity  ships  had  a higher  mean 
index  score  on  the  adequacy  of  management  index,  the  adequacy 
of  resources  index,  the  extent  of  positive  leadership  index, 
and  the  extent  of  negative  leadership  index.  It  should  be 
noted  that  the  differences  in  the  mean  index  scores  were 


^^The  Likert  Scale  was  used  in  the  Ship  Efficiency  Ques- 
tionnaire t 1 - to  a very  little  extent,  2 - to  a little  extent, 
3 — to  some  extent,  4 — to  a great  extent,  5 — to  a very  great 
extent. 
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Figure  17.  Differences  in  High  and  Low  Productivity 

Ships  in  Terms  of  Questionnaire  Index  Scores 
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statistically  significant  for  the  adequacy  of  resources  index, 
the  extent  of  positive  leadership  index,  and  the  extent  of 
teamwork  index  at  the  .05  level  of  significance.  This  sug^ 
gests  that  there  are  true  differences  between  the  attitudes 
and  perceptions  of  the  personnel  on  the  high  and  low  produc- 
tivity ships  in  terms  of  their  attitudes  and  perceptions  re- 
garding the  adequacy  of  the  resources  they  use  such  as  tools 
and  supplies,  the  extent  of  positive  leadership  such  as  use 
of  praise  they  feel  they  receive,  and  the  extent  of  teeunwork 
they  feel  their  work  center  has.  It  should  be  noted  that  the 
differences  in  the  mean  index  scores  were  not  statistically 
significant  for  the  adequacy  of  management  index  and  the  ex- 
tent of  negative  leadership  index  at  the  .05  level  of  signi- 
ficance. This  suggests  that  the  observed  differences  between 
these  index  scores  may  be  the  result  of  chance  rather  than 
the  result  of  true  differences  for  these  two  Indices. 

In  examining  the  mean  scores  per  question  from  per- 
sonnel on  the  high  and  low  productivity  ships,  it  was  foxind 
that  there  were  differences  between  the  responses  from  person- 
nel on  the  high  and  low  productivity  ships.  Figure  18  displays 
the  mean  response  per  question  for  personnel  on  the  high  and 
low  productivity  ships  for  four  questions.  The  personnel  on 
the  high  productivi^  ships  had  a higher  mean  score  on  each 
of  the  16  questions  except  for  one  question.  Only  on  the 
qtiestion  dealing  with  the  effectiveness  of  shipboard  training 
did  the  personnel  on  the  low  productivity  ships  have  a higher 
eean  score.  It  should  be  noted  that  the  differences  between 
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Figure  18.  Differences  In  High  and  Low  Productivity 
Ships  In  Terms  of  Questionnaire  Results 
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the  mean  scores  per  question  were  statistically  significant 
at  the  .05  level  of  significance  for  seven  out  of  the  16 
questions.  It  appears  that  there  were  true  differences  be- 
tween personnel  on  the  high  and  low  productivity  ships  in 
terms  of  their  attitudes  and  perception  regarding  the  ade- 
quacy of  their  tools,  the  adequacy  of  their  supplies,  the 
extent  supervisors  assist  them,  the  extent  they  are  motivated 
to  work,  the  extent  of  teamwork  in  their  work  center,  the 
extent  of  effective  planning  in  their  work  center,  and  the 
extent  of  encouragement  in  their  work  center. 

The  responses  to  the  four  questions  in  Figure  18  have 
the  highest  degree  of  association  with  the  level  of  produc- 
tivity on  the  26  U.  S.  Navy  ships.  The  degree  of  association 
is  indicated  by  the  correlation  coefficients  listed  below: 

— adequacy  of  tools  (r  » .67), 

— adequacy  of  supplies  (r  « .55), 

— extent  of  teamwork  (r  • .54), 

— adequacy  of  planning  (r  « .47). 

The  correlation  coefficients  in  parentheses  are  significant 
at  the  .05  level  of  significance.  Other  correlation  coeffi- 
cients are  listed  in  i^ppendix  B. 

In  sunsiary,  there  appears  to  be  four  major  factors 
which  are  related  to  the  level  of  labor  productivity  on  the 
26  ships  in  this  study,  ^ese  factors  in  the  order  of  their 
isq>ortance  are: 

(1)  adequacy  of  tools. 


(2)  adequacy  of  supplies. 


(3)  extent  of  teamwork, 

(4)  adequacy  of  planning.  ' 

Both  the  exeunlnation  of  the  differences  In  the  attitudes  and 
perceptions  of  enlisted  personnel  on  the  high  and  low  produc- 
tivity ships  and  the  examination  of  the  relationships  between 
the  levels  of  productivity  and  the  responses  to  the  Ship 
Efficiency  Questionnaire  suggest  the  Importance  of  these  four 
•factors.  It  would  appear  that  commanding  officers  Interested 

In  liq>rovlng  the  level  of  leUbor  productivity  on  their  ships 
should  Implement  management  actions  oriented  to  Improve  these 
four  factors  on  their  ships. 

0.  RESULTS  OF  THE  STUDY 

In  this  study  with  26  U.  S.  Navy  ships,  the  following  are 
the  principal  results  and  findings: 

(1)  Labor  and  material  productivity  ratios  were  computed  for 
26  U.  S.  Navy  ships.  This  Indicates  that  productivity  can  be 
measured  on  U.  S.  Navy  ships. 

(2)  The  output  measure  used  In  this  study  was  planned  mainte- 
nance actions  accomplished.  This  appears  to  be  a reasonable 
output  measure  for  U.  S.  Navy  ships.  It  was  found  that  the 
average  number  of  men  assigned  Is  significantly  more  Important 
than  the  amount  of  OPTAR  consumed  for  repair  parts  In  affect- 
ing the  number  of  plaxmed  maintenance  actions  accomplished. 

(3)  Of  the  26  ships  In  this  study,  the  ships  with  above  average 
labor  productivity  ratios  In  terms  of  planned  maintenance 
actions  per  man  also  had  other  above  average  productivity 
ratios  and  had  above  average  PMS  accomplishment  rates. 

•• 


(4)  Aft«r  examining  differences  in  attitudes  and  perceptions 
of  enlisted  personnel  on  high  and  low  productivity  ships,  the 
following  factors  appear  to  be  related  to  the  level  of  produc- 
tivity on  the  ships t adequacy  of  tools,  adequacy  of  supplies, 
extent  of  teasMork,  and  adequacy  of  planning. 


V.  COMCmSION 


A.  FINDINGS  AND  RECOIMENDATIONS 

The  following  «r«  the  findings  of  this  research  project 
on  measuring  and  enhancing  productivity  on  U.  S.  Navy  ships: 

(1)  Within  the  U.S.  Federal  Go^rnment  there  are  substantial 
efforts  being  directed  toward  productivity  measuronent  and 
enhancement  in  federal  agencies. 

(2)  An  appropriate  output  measure  for  U.  S.  Navy  ships  is 
planned  maintenance  actions  acconplished.  Planned  maintenance 
actions  accomplished  are  the  sum  of  all  HR's  (maintenance  re- 
quirements as  defined  in  the  3H/PMS  System)  fully  accomplished 
and  1/2  of  all  HR's  partially  accomplished.  With  this  output 
measure  production  functions  can  be  computed « average  and 
marginal  productivity  ratios  can  be  computed,  and  elaatieity 
coefficients  can  be  computed. 

(3)  Once  an  output  measure  has  been  defined,  productivity  can 
be  measured  on  U.  S.  Navy  ships.  Productivity  ratios  can  be 
computed  by  dividing  the  output  measure  by  an  appropriate  in- 
put measure. 

(4)  There  is  no  clearly  defined  and  accepted  output  msisurs 
for  U.  S.  Navy  ships.  However,  input  measures  such  as  number 
of  men  assigned  to  a ship  or  amount  of  OPTAR  consumed  are 
clearly  defined  and  measured  on  U.  S.  Navy  ships. 

(5)  The  productivity  measure  plaimed  maintenance  actions  per 
man  was  computed  for  26  U.  S.  Navy  ships.  This  productivity 
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— define  weaknesees  and  opportunities  in  the  organization 
for  productivity  Improvement, 

— gather  Information  throughout  the  organization  on  weak- 
nesses and  opportvinltles  through  personnel  Interviews,  through 
attitude  surveys,  through  brainstorming,  etc., 

— implement  management  changes  or  policies  in  improving 
technology  used  in  the  organization.  Improving  capital  equip- 
ment (tools,  machinery,  etc.),  and  creating  more  favor«U!}le 
attitudes  through  leadership  style  changes,  better  communica- 
tion, more  explicit  and  well-kno%m  objectives,  better  handling 
of  grievances,  and  better  support  for  organization  members, 
etc. , 

— determine  if  the  management  changes  and  policies  have 
improved  productivity. 

For  a productivity  measurement  emd  enhancement  program  to  be 
successful  and  to  favorably  impact  an  accomplishment  of  the 
organization's  objectives  with  the  least  expenditure  of  re- 
sources the  following  should  be  present  in  the  organization: 

— commitment  to  the  productivity  program  at  all  levels, 

— Involvement  of  personnel  in  the  productivity  program  at 
all  levels, 

— incentives  for  productivity  improvement, 

— clearly  stated  goals  and  objectives  for  the  productivity 
program, 

— analytical  capability  in  the  organization, 

— a measurement  and  reporting  system  in  the  organization, 

— periodic  evaluation  of  the  productivity  program. 


(10)  The  Efficiency  Questionnaire  shown  in  Appendix  A is  con- 
sidered a valid  instrument  to  measure  attitudes  and  percep- 
tions of  enlisted  men  eUt>oard  U.  S.  Navy  ships  regarding  fac- 
tors related  to  productivity  levels  on  U.  S.  Navy  ships. 
Responses  from  2212  enlisted  personnel  to  this  questionnaire 
indicate  that  the  following  factors  appear  to  be  related  to 
the  level  of  productivity  on  the  ships:  adequacy  of  tools, 
adequacy  of  supplies,  extent  of  te£unwork,  and  adequacy  of 
planning. 

(11)  The  Ship  Productivity  Report  shown  in  Appendix  C is  con- 
sidered a feasible  and  usable  report  format  for  general  use 
for  U.  S.  Navy  ships. 

(12)  The  Shipboeurd  Productivity  Improvement  Program  outlined 
in  Appendix  A is  considered  a feasible  emd  useful  productivity 
measurement  amd  enhamcement  program  for  U.  S.  Navy  ships. 

The  following  are  the  recommendations  of  this  author 
baised  upon  the  findings  and  conclusions  of  this  research  pro- 
ject on  measuring  and  enhancing  productivity  on  U.  S.  Navy 
ships.  These  include  recommendations  for  further  research. 

(1)  There  should  be  a U.  S.  Navy  Productivity  Information 
Service  orgauiized.  Its  purpose  would  be  to  provide  commands 
with  suggestions,  articles,  and  other  information  on  produc- 
tivity measurement  auui  enhancement.  The  service  %aould  main- 
tain liaison  with  the  federal  agencies  involved  in  productive 
ity  measurement  and  enhancement. 

(2)  There  should  be  flag  officer  advisory  committee  to  set 
Navy-wide  policies  for  the  Department  of  the  Navy  Productivity 
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Program.  Such  a committee  could  provide  visible,  top-level 
commitment  to  the  productivity  program. 

(3)  The  OPNAV  instruction  regarding  the  Department  of  the 
Navy  Productivity  Program  should  include  the  following: 

— the  designation  of  an  output  measure  for  U.  S.  Navy 
ships , 

— a suggested  productivity  measurement  and  enhancement 
program  for  U.  S.  Navy  ships  similar  to  the  program  outlined 
in  Appendix  A, 

— encouragement  for  the  use  of  productivity  ratios  on 
U.  S.  Navy  ships. 

(4)  The  U.  S.  Navy  Humem  Resources  Management  Program  should 
have  as  one  of  its  major  objectives  "the  improvement  of  pro- 
ductivity on  U.  S.  Navy  ships."  Questions  in  the  Ship  Effi- 
ciency Questionnaire  shown  in  Appendix  A should  be  evaluated 
for  possible  inclusion  in  the  U.  S.  Navy  Human  Resources 
Management  Survey.  A Productivity  Index  should  be  incor- 
porated into  the  Human  Resources  Management  Survey.  The 
following  t«fo  questions  could  be  added  to  the  HRM  Survey  to 
form  the  Productivity  Index: 

— To  what  extent  do  you  have  adequate  tools  to  %«ork 
efficiently? 

— To  what  extent  do  you  have  adequate  supplies  to  «rork 
efficiently? 

(5)  The  Office  of  Naval  Research,  the  Office  of  the  Chief  of 
Naval  Operations  (OP  01) , and  the  Naval  Postgraduate  School 
should  have  a vigorous  productivity  research  program  similar 

94 


to  the  National  Foundation  of  Science  Program.  One  aspect  of 
that  program  is  shown  in  Appendix  G.  The  productivity  re- 
search program  should  address  the  following  potential  research 
topics: 

— Do  U.  S.  Navy  ships  have  adequate  tools? 

— What  is  the  most  suitable  output  measure  for  U.  S.  Navy 
ships? 

— Is  a fleet-wide  productivity  measurement  and  enh2mcement 
program  desirable? 

— How  is  the  degree  of  capitalization  on  a ship  measured 
and  are  U.  S.  Navy  ships  adequately  capitalized?  The  degree 
of  capitalization  could  be  thought  of  as  the  2uaount  of  tools 
and  equipment  that  are  "used  but  not  used  up"  during  work. 

— What  is  the  impact  of  productivity  information  when  it 
is  fed— back  to  shipboard  personnel? 

— What  is  the  effect  of  teamwork  in  achieving  a high  level 
of  productivity? 

— What  is  the  most  suitable  productivity  measure  for  U.  S. 
Navy  ships? 

— What  are  the  appropriate  weights  for  a productivity 
measure?  For  example,  if  planned  maintenance  actions  per  man 
is  a suitable  productivity  measure,  how  should  different  MR's 
(Maintenance  Requirements)  be  weighted  to  compute  productivity 
ratios? 

— What  is  the  effect  of  personnel  policies  which  encc^rage 
motivation,  creativity,  innovation,  and  identification  with 
organization  goals  on  productivity  levels? 
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— What  is  the  relationship  of  human  factors  indicators  of 
unauthorized  absence  rate,  divorce  rate,  non— judicial  punish- 
ment rate,  and  reenlistment  rate  on  productivity  levels? 

— What  personnel  management  policies  are  highly  related 
to  productivity  levels? 

(6)  Productivity  measurement  and  enhancement  programs  and 

I 

methodologies  should  be  taught  and  discussed  in  both  officer 
and  enlisted  management  education  and  training  courses  under 
the  auspices  of  the  Chief  of  Naval  Education.  At  the  Naval 
Postgraduate  School,  the  Naval  War  College,  and  the  Armed 
Forces  Services  College  the  following  are  recommended: 

— establishment  of  a productivity  library, 

— continuous  receipt  of  productivity  newsletters  and 
publications  from  federal  agencies  such  as  the  Joint 
Financial  Management  Improvement  Program,  Department  of 
Commerce,  Civil  Service  Commission,  Department  of  Labor, 
Department  of  Defense,  and  the  Department  of  the  Navy, 

— smninars  be  conducted  with  speakers  from  the  above 
mentioned  organizations, 

— productivity  topics  be  included  in  courses  in  general 
management,  personnel  auunagement,  financial  management, 
management  information  systems,  managesient  policy,  etc., 

— students  be  encouraged  to  do  research  papers  and 
Independent  research  on  productivity  topics. 
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B.  SUMMlUOr 


I 


I 


In  sumiuury,  the  conclusion  of  this  research  project  is 
that  productivity  measurement  is  feasible  for  U.  S.  Navy 
ships.  The  following  is  a brief  summary  of  the  research  ol^ 
jectives  and  findings  in  this  research  project  on  productiv- 
ity measurement  and  enhancement  on  U.  S.  Navy  ships: 


Research  Objective 


Research  Findin 


1.  ^ply  methodology  of 
productivity  measurement 
presently  used  in  private 
industry  and  U.S.  Federal 
agencies  to  U.S.  Navy 
ships. 


2.  Define  output  and  pro- 
ductivity measures  for 
(J.S.  Navy  ships. 


3.  Compute  a production 
function  showing  the  rela- 
tionship between  output 
and  input  measures  for  U.S. 
Navy  ships. 


4.  Develop  and  administer 
an  attitude  questionnaire 
to  determine  what  factors 
are  related  to  productivity 
on  U.8.  Navy  ships. 


Productivity  can  be  measured 
on  U.S.  Navy  ships  once  an  out- 
put measure  such  as  planned 
maintenance  actions  accom- 
plished has  been  clearly  de- 
fined. Productivity  was 
measured  on  26  U.S.  Navy  ships 
in  this  research  project. 

One  output  measure  (planned 
maintenance  actions  accom- 
plished) , a labor  productivity 
measure  (planned  maintenance 
actions  per  man) , and  a 
materials  productivity  measure 
(plaimed  maintenance  actions 
per  OPTAR  dollar)  were  defined 
and  utilized  in  this  research 
project.  These  measures  can 
be  used  for  U.S.  Navy  ships. 

A production  function  for  26 
U.S.  Navy  ships  was  computed. 

The  average  number  of  men  as- 
signed was  found  to  be  signi- 
ficantly more  important  than 
the  amount  of  OPTAR  spent  for 
repair  parts  in  affecting  the 
nusdser  of  planned  maintenance 
actions  accomplished. 

The  Ship  Efficiency  Question- 
naire shown  in  Appmdix  A was 
developed  at  the  Naval  Post- 
graduate School  and  adminis- 
tered to  2212  enlisted  personnel, 
The  questionnaire  consists  of  16 
questions  and  is  considered  a 
valid  attitude  measurement  in- 
strument which  can  be  used 
aboard  U.S.  Navy  ships. 


5.  I«olat«  factors  which  After  analyzing  the  2212  res- 

are  related  to  productivity  ponses  to  the  Ship  Efficiency 

levels  on  U.S.  Navy  ships.  Questionnaire  it  was  found 

that  four  principal  factors  re- 
lated to  productivity  levels 
on  26  U.S.  Navy  ships  are  ade- 
quacy of  tools,  adequacy  of 
supplies,  extent  of  teamwork, 
and  adequacy  of  planning. 

Numerous  productivity  reports 
%rere  developed  and  evaluated 
during  this  research  project. 
The  Ship  Productivity  Report 
shown  in  Appendix  c is  a format 
for  a ccsqputer— based  productive 
ity  report.  The  report  is  con- 
sidered usable  for  U.S.  Navy 
ships  and  within  the  current 
"state  of  the  art*  for  manage- 
ment information  systems. 

The  Shipboard  Productivity  Im- 
prov«nent  Program  shown  in 
/^pendix  A was  developed  as  an 
end-product  of  this  research 
project.  The  program  is  pre- 
sented in  a U.S.  Navy  instruc- 
tion form  and  outlines  sugges- 
ted steps  in  implementing  a 
productivity  measurement  and 
enhancement  program  aboard  a 
U.S.  Navy  ship. 


Productivity  measurement  is  feasible  on  U.S.  Navy  ships 
only  if  the  following  conditions  are  met: 

— an  output  SMasure  such  as  planned  maintenance  actions 
aooomplished  or  units  of  coad>at  readiness  is  clearly  defined, 

— productivity  measures  (output  versus  input)  are  clearly 
defined, 

— the  value  of  the  productivity  information  is  considered 
to  outweigh  the  cost  of  collecting  the  required  data, 

— a sntivation  exists  to  utilise  productivity  information 
to  aid  in  maJtiag  manageawnt  decisions. 


6.  Develop  a productivity 
report  for  U.S.  Navy  ships 
siidLlar  to  productivity  re- 
ports being  used  in  private 
industry  and  U.S.  Federal 
agencies. 


7.  Develop  a shipboard 
productivity  measurement 
and  enhancement  program. 


Many  private  industries  and  U.S.  Federal  government  agencies 
vigorously  pursue  productivity  measxirement  and  enhancement 
Pfogramm,  Whether  productivity  measurement  programs  are  im- 
plemented on  individual  U.S.  Navy  ships  is  strictly  the  deci- 
sion of  the  individual  cosnanding  officer.  He  is  in  the  best 
position  to  evaluate  the  potential  benefits  and  costs  of  a 
productivity  measurement  and  enhancement  program  for  his  ship. 
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APPENDIX  A:  SHIPBOARD  PRODUCTIVITY 


Prom:  Commanding  Officer,  USS  XXXXXXXXXX 

To:  Distribution  List 

Subj : Shipboard  Productivity  Improvement  Program 

Ref:  (a)  DODINST  5010.34  of  4 AUG  1975 

Enel:  (1)  Factors  Affecting  Shipboard  Productivity 

(2)  Sample  Productivity  Data  Record 

(3)  Sample  Productivity  Data  Worksheet 

(4)  Saiq>le  Format  of  Productivity  Status  Board 

(5)  Sample  Ship  Efficiency  Questionnaire 

(6)  Mean  Scores  on  Efficiency  Questionnaire 

1.  Purpose.  The  purpose  of  this  Instruction  is  to  provide 
information  on  the  Shipboard  Productivity  Improvement  Program. 

2.  Background.  For  many  years  there  has  been  considerable 
interest  throughout  the  Federal  government  in  improving  pro- 
ductivity in  the  Federal  government.  Reference  (a)  is  the 
basic  instruction  in  the  Department  of  Defense.  Reference  (a) 
discusses  productivity  enhancement,  measurement,  and  evalua- 
tion - operating  guidelines  and  reporting  instructions  for  the 
Department  of  Defense.  Reference  (a)  states, 

"Organisations  must  be  both  (a)  effective  - accomplish 
the  right  things,  in  the  right  quantities  at  the  right 
times  and  (b)  efficient  - aooomplish  the  right  things  with 
the  lowest  possible  expenditure  of  resources.  The  effi- 
ciency with  which  organisations  utilise  all  types  of  fund 
resources  (operating  and  investment)  to  accomplish  their 
mission  rMresents  total  resource  productivity.  The  effi- 
ciency with  which  organisations  utilise  labor  resources  to 
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accomplish  their  mission  represents  labor  productivity... 

The  primary  objective  of  the  DOO  Productivity  Program  is 
to  achieve  optimum  growth  (increase  the  amount  of  goods 
produced  or  services  rendered  in  relation  to  the  amount 
of  resources  expended)  throughout  the  Department  of  De- 
fense. Productivity  increases  are  vitally  needed  to  help 
offset  increased  personnel  costs,  free  funds  for  other 
priority  requirements,  and  reduce  the  unit  cost  of  neces- 
sary go^s  and  services.” 

3.  Discussion.  The  Shipboard  Productivity  Improvement  Pro- 
gram is  a series  of  objectives,  guidelines,  and  suggestions 
on  how  productivity  can  be  measured  and  improved  aboard  a 
U.  S.  Navy  ship.  The  objective  of  the  program  is  to  improve 
shipboard  productivity  in  terms  of  increasing  output  (accom- 
plishment of  PMS)  without  increasing  input  of  resources  (men 
and  materials) . It  is  designed  to  have  a favorable  impact 
I on  the  important  shipboard  objectives  of  increasing  PMS 

i accoaq>lishment  rates,  increasing  the  "productive  worJc  hours 

; per  day*  of  shipboard  personnel,  and  isqproving  ship  material 

* condition. 

The  major  objective  of  any  ship  is  to  maintain  a high 
state  of  combat  readiness.  The  material  condition  of  the 

I 

I ship  is  a major  factor  affecting  the  combat  readiness  of  the 

V 

^ ship.  As  shown  in  enclosure  (1)  productivity  is  a )cey  fac- 

t 

itor  affecting  the  material  condition  of  a ship  and  conse- 
quently the  cosdMt  readiness  of  the  ship, 
f Productivity  is  defined  as  the  ratio  of  ou^ut  to  input. 

In  this  instruction  the  tersw  productivity  and  efficiency  are 
used  interchangeably.  Productivity  indices  are  ratios  of 
output  measures  to  input  measures.  There  are  two  productiv- 
i^  indices  which  can  be  easily  computed  for  a U.  S.  Navy 

I 
i 

5 1 
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ship.  These  are  the  Personnel  Productivity  Index  (PPI)  and 
it  the  OPTAR  Productivity  Index  (OPI ) . The  output  measure 

should  be  a measure  of  combat  readiness , material  condition, 
or  maintenance  accomplished.  The  measure  which  is  easiest  to 
determine  is  PMS  actions  completed.  Either  a weighted  index 
irtiich  takes  into  account  the  differences  between  daily,  weekly, 

\ monthly,  semi-annual,  etc.  malntenemce  actions  or  an  un- 

weighted index  could  be  used.  An  unweighted  index  would  be 
a count  of  maintenance  actions  completed.  For  example,  a 
work  center  which  con^leted  100  maintenance  actions  in  a week 
with  10  men  assigned  and  spent  $100  in  OPTAR  for  supplies  or 
repair  parts  would  have  the  following  indices: 

1 

Personnel 

Productivity  ■ 100/10  « 10.0  Maintenance  Actions 

Index  (PPI)  Per  Man 

. . OPTAR 

' Productivity  ■ 100/100>  1.0  Maintenance  Actions 

I Index  (OPI)  Per  OPTAR  $ 

j The  productivity  Indices  can  be  modified  to  include  non-PMS 

I 

I outputs  such  as  training  outputs  (example  PQS  points),  service 

outputs  (example  meals  cooked) , and  administrative  outputs 

! ' 

(exasqple  letters  typed) . 

j There  are  seven  basic  steps  in  implementing  a shipboard 

productivity  improvement  program.  The  program  can  be  imple- 
. manted  in  one  or  all  departments  of  a ship.  The  program  can 

be  isvlemented  in  one  or  all  work  centers  of  a department. 
Specific  program  procedures  should  be  tailored  to  specific 
ship,  department,  and  work  center  needs.  The  following  steps 
in  implesMnting  a program  for  a shipboard  department  are 
I suggested: 
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step  1.  Eneure  conanitment.  There  must  be  a real  commitment 


of  the  department  head,  division  officers,  departmental  3M 
coordinator,  and  work  center  supervisors  to  the  productivity 
improvement  program.  The  ccmmltment  must  be  for  ” long— term” 
productivity  gains  as  opposed  to  "short— term”  productivity 
gains. 

Step  2.  Ensure  Involvement.  There  must  be  involvement  and 
participation  from  men  fron  all  levels  of  the  department  in 

i 

I planning  the  specifics  of  the  productivity  improvement 

; program. 

t 

Step  3.  State  goals  and  objectives.  The  goals  and  objec— 

^ tives  of  the  program  must  be  fully  defined  and  understood  by 

everyone  in  the  department.  The  objective  of  the  program  is 

I to  in^rove  productivity  in  each  participating  work  center  by 

increasing  the  ou^ut  of  the  work  center  in  terms  of  mainte- 

I 

I nance  actions  accomplished  with  little  or  no  increase  in  the 

input  — amount  of  resources  utilized  (manhours  and/or 

I materials) . The  objective  for  each  work  center  is  to  improve 

■ 

I past  productivity  Indices  by  eliminating  inefficiencies,  by 

improving  technical  skills  of  work  center  personnel,  by  pur- 
chasing labor-saving  tools  and  equipment,  by  iiiq>roving  work 
center  morale,  etc.  For  exaaqple  a work  center  which  had  a 
PPI  of  10.0  maintenance  actions  per  zMn  and  an  OPI  of  1.0 
maintenance  actions  per  OPTAR  $ in  one  month  would  have  the 
objective  of  improving  their  PPI  and  OPI  in  the  following 
month. 

Step  4.  Measure  and  monitor  productivity.  There  must  be  a 
system  to  measure  and  monitor  productivity  and  productivity 

103 




changes.  The  output  measures,  input  measures,  and  productive 
ity  indices  must  be  defined.  Assuming  the  output  measure  of 
maintenance  actions  accomplished,  the  input  measure  of  aver- 
age men  assigned,  and  the  productivity  indices  of  PPI  and  OPI 
are  selected,  the  following  steps  would  be  followed  in  the 
collection  of  data  and  the  computation  of  the  productivity 
indices : 

4a)  Bach  work  center  supervisor  on  Friday  afternoon  or 
Monday  morning  should  review  the  PMS  Work  Center  Weekly 
Schedule.  Each  should  record  the  following  information  on 
the  Productivity  Data  Record  page  in  his  PMS  Work  Center 
Manual  as  shown  in  enclosure  (2) : 

(1)  Oates  shown  on  the  weekly  schedule. 

(2)  Number  of  PM's  (Pleuined  Maintenance  Actions)  scheduled 
for  the  week. 

(3)  Number  of  PM's  fully  accooqplished  during  the  week. 

(4)  Number  of  PM's  partially  accomplished  during  the  week. 

4b)  The  department  3M  coordinator  at  the  end  of  each 

month  should  fill  in  the  Productivity  Data  worksheet  (enclo- 
sure 3).  He  should  do  the  following: 

(1)  Review  each  work  center  space  manual  and  record  the 
information  on  the  Productivity  Data  Record  page, 

(2)  Contact  the  personnel  office  to  determine  the  average 
nuadter  of  enlisted  men  assigned  to  each  work  center  for  the 
previous  SK>nth  (the  average  would  equal  the  number  assigned 
on  the  first  day  of  the  month  plus  the  number  assigned  on  the 
last  day  of  the  month  divided  by  2), 
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(3)  Contact  the  supply  department  to  determine  the  amount 
of  OPTAR  tdiich  each  work  center  spent  during  the  month  (this 
amount  would  equal  the  value  of  all  the  NAVSUP  FORMS  1250 's 
submitted  by  each  work  center  during  the  previous  month) , 

(4)  Fill  out  the  remaining  sections  of  the  Productivity 
Data  Worksheet  (note  that  a partially  accomplished  PM  equals 
1/2  of  a fully  accomplished  PM) , 

(5)  Submit  the  completed  Productivity  Data  Worksheet  to 
the  department  head  with  copies  to  division  officers  and  work 
center  supervisors. 

4c)  The  department  head  should  meet  with  division  offi- 
cers » the  departmental  3M  coordinator » and  other  key  personnel  to 
discuss  the  productivity  results  of  the  previous  month  and 
productivity  objectives  for  the  current  month.  Key  questions 
which  might  be  addressed  are: 

(1)  Is  this  data  correct?  Does  it  support  subjective 
evaluations  in  each  %iork  center? 

(2)  What  can  be  done  to  improve  productivity  in  the 
current  month? 

(3)  What  is  the  minimum  productivity  we  should  be  striving 
for  in  the  ctarrent  month  given  the  output  requirements  (number 
of  PM's  which  should  be  aoocsqplished)  and  the  availability 

of  inputs  (personnel  and  OPTAR)? 

(4)  Do  we  need  additional  resources? 

4d)  The  department  head  should  maintain  a Productivity 
Status  Board  in  the  department  office  or  some  other  suitable 
location.  A suggested  format  for  the  Productivity  Status 
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Board  is  shown  in  enclosure  (4).  The  purpose  of  the  status 
board  would  be  to  show  productivity  trends  and  to  provide  a 
feedback  to  work  center  personnel  on  their  productivity  per- 
formance . 

Step  5.  Provide  incentives.  There  should  be  incentives  pro- 
vided for  work  center  personnel  to  make  a concerted  effort  to 
improve  productivity.  Incentives  could  include  gramtlng  of 
extra  liberty,  awarding  high  evaluation  marks,  recommendations 
for  Conmanding  Officer's  Meritorious  Mast,  recommendations 
for  special  awards,  etc. 

Step  6.  Have  analytic  capability.  There  should  be  analysis 
of  the  productivity  data  to  discover  problem  areas  and  un- 
favorable trends.  Attitudes  affecting  productivity  should  be 
Investigated.  Enclosure  (5)  is  a sample  efficiency  question- 
naire which  can  be  used  to  investigate  attitudes  of  work 
center  personnel.  Enclosure  (6)  lists  mean  scores  on  each 
question  from  2212  respondents  who  took  the  questionnaire  in 
1976. 

Step  7.  Periodically  evaluate  the  program.  There  should  be 
a set  procedure  to  periodically  evaluate  the  entire  produc- 
tivity improvement  program.  This  is  to  determine  if  the  pro- 
gram is  meeting  its  stated  objectives,  if  the  data  collection 
is  worth  the  time  Involved,  if  the  program  is  favorably 
affecting  the  attitudes  of  work  center  personnel,  if  the  pro- 
gram is  favorably  affecting  PM8  accomplishment,  and  if  the 
program  is  favorably  affecting  the  material  condition  of  work 
center  equipment.  If  the  program  is  having  an  overall 
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favoreible  effect^  it  should  be  continued.  If  the  program  is 
having  an  overall  unfavorable  effect,  it  should  be  discon- 
tinued. 

Implementation  of  a productivity  improvement  program  can 
produce  memy  favorable  effects.  Some  of  these  are: 

(a)  The  program  can  result  in  greater  acconqplishment  of 
PMS  and  therefore  improve  the  material  condition  of  the  ship. 

(b)  The  program  can  result  in  a decrease  in  the  consump- 
tion of  resources.  Jobs  could  be  done  with  fewer  personnel 
and  less  expenditure  of  OPTAR  funds. 

(c)  The  program  csm  result  in  increased  motivation  of 
work  center  personnel  to  be  efficient  and  to  be  less  wasteful 
of  time,  material,  euid  supplies.  It  can  increase  their 
motivation  because  of  stated  goals,  a set  measurement  proce- 
dure, incentives,  and  feedback  of  information. 

(d)  The  program  can  result  in  greater  awareness  of  effi- 
ciency, cost— consciousness,  and  time— consciousness  by  work 
center  personnel. 

(e)  The  program  can  extend  and  improve  the  PMS  system. 
Since  the  output  measure  recommended  in  this  instruction  is 
PM's  accomplished,  there  is  greater  emphasis  on  accomplish- 
ing scheduled  PM's  and  on  acconqpllshing  unscheduled  PM's  when 
corrective  maintenance  is  accomplished. 

(f)  The  program  can  result  in  improved  management  deci- 
sions. The  program  can  provide  excellent  and  useful  manage- 
ment information.  This  information  in  the  form  of  productive 
ity  indices  can  be  used  along  with  quantitative,  qualitative. 


107 


and  subjective  information  to  make  management  decisions  on 
allocation  of  resources,  scheduling  of  work,  submitting  re— 
quests  for  additional  resources,  and  evaluating  work  center 
performance.  The  productivity  indices,  when  used  with  other 
information,  can  be  used  to  detect  problem  areas  and  unfavor- 
able trends.  The  indices  can  be  used  as  a basis  for  granting 
awards  and  rewards  for  superior  performance.  The  indices 
can  be  used  to  support  requests  for  additional  resources  when 

9 

it  can  be  sho«m  that  it  would  be  impossible  to  achieve  a given 
output  with  present  resources. 

Additionally,  the  program,  if  not  properly  implemented 
and  administered,  could  produce  unfavorable  effects.  Some  of 
these  are: 

(a)  The  program  could  result  in  generating  excessive 
paperwork. 

(b)  The  program  could  result  in  poorer  quality  of  work  if 
work  center  personnel  perceived  that  quantity  not  quality  of 
work  was  desired.  To  avoid  poorer  quality  of  trork,  work 
center  supervisors  and  above  should  continue  to  closely  super- 
vise the  accon^lishment  of  PMS.  They  should  rigorously  ensxure 
that  each  maintenance  action  is  properly  accomplished  with 
the  proper  tools,  with  the  proper  materials,  by  doing  every 
step  on  the  NRC  (Maintenance  Requirement  Card) , and  by  accost 
plishlng  the  maintenance  action  on  each  piece  of  equipment  on 
the  B6L  (Equipment  Guide  List)  as  an>llcable. 

(c)  The  program  could  result  in  a misuse  of  the  productiv- 
ity data.  The  productivity  indices  alone  are  not  useful 
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without  other  information  such  as  subjective  opinions.  A 
statement  such  as  "Work  Center  A is  better  than  Work  Center 
B because  Work  Center  A has  a higher  productivity  index  than 
Work  Center  B”  is  a highly  inaccurate,  misleading,  and  false 
statement.  The  statmnent  is  a misuse  of  productivity  data 
because  it  doesn't  include  information  on  possible  reasons 
for  differences  such  as  differences  in  personnel,  mission  re- 
quirements, availability  of  resources,  and  other  factors. 
Productivity  indices  must  be  used  with  other  data  and  infor- 
mation to  make  valid  statements,  judgments,  and  decisions. 

(d)  The  program  could  generate  adverse  or  negative  atti- 
tudes and  emotions  among  work  center  personnel.  Some  individ- 
uals may  feel  that  measurement  of  productivity  "can't  be  done 
on  a ship”  and  is  therefore  "unfair”.  Some  individuals  may 
feel  frustrated  if  they  feel  that  productivity  goals  are  set 
unrealistically  high.  Additionally,  a department  head  who 
says  "working  hours  will  be  extended  one  hour  per  day  until 
the  productivity  indices  improve"  will  generate  a great 
amount  of  ill  feelings  toward  the  program.  To  avoid  generat- 
ing adverse  or  negative  attitudes  and  emotions  work  center 
supervisors  and  above  should  stress  the  positive  benefits  of 
the  program  and  use  the  produetivi^  indices  in  a positive 
manner. 

(e)  The  program  could  provide  information  which  is  inac- 
curate. Relating  the  asK>unt  of  PMS  acoosq;>lished  in  a work 
center  with  the  number  of  men  assigned  and  with  the  amount 

of  OPTAR  spent  may  not  be  a useful  measure  in  some  departments 
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and  work  centers.  This  is  true  if  a large  portion  of  the 
personnel  and  OPTAR  are  used  for  activities  not  related  to 
PNS  accomplishment.  To  avoid  this,  an  output  measure  should 
be  selected  which  is  representative  of  the  activities  of  the 
work  center.  Another  solution  to  this  problem  «rould  be  to 
submit  feedback  forms  to  Include  more  work  center  activities 
in  the  PMS  system.  This  would  have  the  beneficial  effect  of 
extending  the  system. 

4.  Action.  The  objectives,  guidelines,  and  suggestions  of 
the  Shipboard  Productivity  Improvement  Program  should  be  r^ 
viewed  by  all  work  center  supervisors  and  above  and  imple- 
mented as  considered  appropriate. 


xxxxxxxxxxxxx 

Distribution: 

3M  Manager 
3M  Coordinator 
Department  Heads 
Departmental  3M  Coordinators 
Work  Center  Supervisors 


110 


I 

J 


FACTORS  AFFECTING  SHIPBOARD  PRODUCTIVITY 


Equipment  Design 
Features 
Labor  Saving 
Devices 

S tat  e-of — the-Ar  t 
Developments 


Tools 

Test  Equipment 

Supplies 

Materials 

Lubricants 

Personnel 


Teasraork 

Job  Satisfaction 

Performance 

Evaluations 

Supervision 

Motivation 

Training 

Confidence  in  PMS 
Group  Goals 
Management 
Assistance  from 
Supervisors 
Assistance  frcm 
Others 


Technology 


Material  Combat 
Resources Productivity^  Condi-  ^ Rendi- 
tion of  ness  of 

TShip  Ship 

I Consiand  Actions 

/ Commitment 
Involvement 
Goals  & Objectives 

Personnel  Measuring  6 Monitoring  System 
Perfonm-  Incentives 

ance  Analytic  Capability 

Periodic  Evaluation 


Input 


Output 


Note:  An  effective  way  to  provide  an  increased  level  of  out- 

put without  an  increased  level  of  input  is  through  increased 
productivity.  The  focus  of  the  effort  should  be  toward  the 
developsMnt  of  specific  coosMuid  actions  involving  any  of  the 
input  factors  which  result  in  an  improved  level  of  produc- 
tivity. 


Enclosure  (1) 


PRODUCTIVITY  DATA  RECORD 


INSTRUCTIONS:  Fill  this  rscord  out  at  the  and  of  each  waak* 

In  Coluwi  1 inaart  tha  sam  dataa  as  ara  shown  on  tha  PMS 
WMkly  Schadula.  Count  tha  numbar  of  PM’s  schadulad  during 
tha  waak.  Racord  tha  nusdMr  in  Colusoi  2.  Count  tha  nunbar 
P**  • fully  aeooBiplishad  (X's  on  tha  schadula).  Racord 
this  numbar  in  Column  3.  Count  tha  numbar  of  PM's  partially 
aoco^lUhad  (circlas  with  a P naxt  to  tham) . Racord  this 
Column  4.  Nhan  corraotiva  maintananoa  is  acoon- 
plishad  anma  applicabla  PM’s  listad  on  tha  NIP  (Naintananca 
indax  Paga)  ara  also  aeccs^lishad  and  racordad  on  tha  waakly 
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DEPARTMENT 
PERIOD  cove: 


DATE 


LINE 

« 

1 

2 

3 

4 

5 

6 

7 

8 

9 


PRODUCTIVITY  DATA  WORKSHEET 

DATA  ITEM  WC  WC  WC  WC  DEPT 

TOTAL 

« PM*  a SCHEDULED 

« PM* a FULLY  ACCOM 

« PM* a PART  ACCOMP 

TOTAL  (LINE  2 4 

LINE  3)  ^ 

AVE  « PERSONNEL 
ASSIGNED 

AMT  OP  OPTAR  CON- 
SUMED FOR  MONTH 

% PMS  ACCOM  (LINE 
4 * LINE  1) 

PERSONNEL  PRODUC- 
TIVITY INDEX  -PPI 
(LINE  4 * LINE  5) 

OPTAR  PRODUCTIVE 
ITY  INDEX  - OPI 
(LINE  4 * LINE  6) 


XMSTRUCTXQIISt  Gat  data  for  llnaa  #!»  2 t 3 from  Productivity 
Data  Raoord  pagaa  in  Work  Cantor  Spaca  Manuala.  Computa  lino 
•4.  Gat  data  for  lino  #5  from  tha  Paraonnal  Offica.  Gat 
data  for  lina  #<  tram  tha  Supply  Offica.  Computa  linaa  #7,8, 


I 

1 


Eneloauro  (3) 

I 


SAMPLE  FORMAT 


PRODOCTIVITY  STATUS  BOARD 


PMS  ACCOMPLISHMENT  RATE 


WORK  CENTER 


2 MONTHS  AGO 


LAST  MONTH 


AVBftXGE 


PERSONNEL  PRODOCTIVITY  INDEX 


WORK  CENTER 


2 MONTHS  AGO 


LAST  M(»ITH 


bfcPT  AVERAGE 


OPTAR  PRODUCTIVITY  INDEX 


WORK  CENTER 


2 MONTHS  AGO 


LAST  MONTH 


SHIP  SFPICZENCT  QCESTZORAIRB 


k.  PImm*  fill  tn  th*  tafotMtloB  raqoMCadi 
Ship  ' Mtork  Cmcot  ___ 


Am  pm  tlM  mtk  cmc«r  mpcrrlMrt  ___  TIS 


I.  ImA  Mdi  ^matlm  caMtellp.  Ihm  for  oaeh 
•tacomnc,  pUeo  « I I0  cho  Whorwl  bos  uador 
tbs  mmmt  ohleh  wot  oeoaHtolr  doocrlbos  ycnv 


- ! 
S 8 


1.  to  oboe  ostmt  do  pm  hsvo  adaqitoCo  twit  to  mtli 
offleloatlpT 

2.  I0  «bot  mtoBt  do  pm  ham  odotmto  ouppUm  to 
web  offielmtlpt 


3.  TO  obst  ostaat  om  pm  prolood  idMa  pm  mrk 
offielmtlpt 


4.  To  tbst  ostmt  aro  pm  ebomd  mt  obm  pm  mrk 
laofflelmtlpf 

5.  To  ohst  ostaat  do  pm  got  higher  evaluatlOBa  obm 
pm  mrk  offlelmflpT 

4.  To  ohat  ostmt  do  pm  gat  loser  omluatlem  i*m 
pm  mrk  laofflelaatlpT 

7.  TO  shat  ostmt  do  peer  ssperrlaors  omlat  pm  to 
sork  offleloatlpT 


•.  To  shat  mtam  do  other  am  la  peer  mrk  emtar 
amlat  pm  to  mrk  offleloatlpT 


f.  Te 


do  pm  oajop  peer  JobT 


10.  Te  shat  aaeaee  am  pm  wtleetad  te  serk  m 
efftiimrlp  m pemlbleT 


U.  T» 


de  pm  bellaee  M lo  a goed 


efflelmepT 


1*.  To 


IS.  to 

la 

10.  Te 


la  peer  mrk 


seat  U pose  serk  adageetelp  p: 
la  peer  eoefc  osatarT 


de  Mbata  ef  peer  serk  eoater 
other  te  glee  their  beat  offertT 


sea  e 

S A fi 


12.  to  shat  astmt  de  peer  ehlphmrd  tralalag  omolew 
h^  pm  laara  te  mtk  aam  of  flelaatlpT 


u.  xe 


« I » I « 


1 I « I • 


« I » I • 


I I t 14 


a I » I 4 


till* 
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Enclosur*  (5) 


TO  a varp  grmt  mtmt 


SVHMASX  OF  2212  RESPONSES  TO 
SHIP  EFFICIENCY  QUESTIONNAIRE 


QUESTION  f 

QUESTION 

MEi^ 

STAND.  DEV 

1 

Adequate  tools? 

2.63 

1.05 

2 

Adequate  supplies? 

2.69 

.95 

3 

Praise? 

2.66 

1.05 

4 

Reprimands? 

3.30 

1.12 

5 

High  evaluations? 

3.02 

1.12 

6 

Low  evaluations? 

3.11 

1.15 

7 

Supervisors  assist? 

3.22 

1.12 

8 

Others  assist? 

3.28 

1.06 

9 

Enjoy  job? 

3.07 

1.32 

10 

Motivated? 

3.01 

1.20 

11 

PM's  good? 

3.40 

1.26 

12 

Adequate  training? 

2.74 

1.19 

13 

Efficiency  goals? 

2.92 

1.14 

14 

Teamwork? 

3.21 

1.22 

15 

Adequate  planning? 

2.98 

1.16 

16 

Encouragement? 

2.80 

1.20 

N - 2212 


Bnolosur*  (6) 


APPENDIX  B:  SHIP  EFFICIENCY  QUESTIONNAIRE 


A.  GENERAL  COMMENTS 

The  Ship  Efficiency  Questionnaire  shown  in  Appendix  A was 
developed  during  the  Spring  1976  at  the  U.S.  Naval  Postgrad- 
uate School,  Monterey,  California.  It  consists  of  16  ques- 
tions. It  was  modeled  after  the  U.S.  Navy  Hum£ui  Resources 
Management  Survey.  The  questionnaire  utilized  the  Likert 
; Scale.  The  respondents  marked  each  question  according  to  the 

following  key: 

1 — To  a very  little  extent 

2 — To  a little  extent 

3 — To  some  extent 

) 4 — To  a great  extent 

i 5 — To  a very  great  extent 

The  Likert  Scale  was  chosen  due  to  the  familiarity  of  U.  S. 

Navy  personnel  with  the  scale  and  due  to  ordinal  (reuiking) 

characteristic  of  the  scale.  There  were  three  objectives  of 

the  questionnaire: 

— to  identify  factors  or  variables  which  strongly  affect 

I productivity, 

— to  identify  possible  problem  areas  on  u.  S.  Navy  ships 
with  regard  to  the  factors  or  variables  affecting  productivity, 

— to  identify  differences  bettreen  high  and  low  productiv- 
ity ships  in  terms  of  the  factors  or  variables  measured  by 
the  questionnaire. 

Personnel  from  22  of  the  26  ships  responded  to  the  question- 
naire. There  were  a total  of  2212  respondents. 

The  analysis  of  the  responses  to  the  qxiestionnalre  was 
aeoompliahed  at  the  U.  8.  Naval  Postgraduate  School  using 

i 


the  SPSS  (Statistical  Package  for  Social  Sciences)  conqputer 
subroutines  on  an  IBM  360/65  computer.  The  following  sta-' 
tistical  techniques  were  utilized: 


I 

I 


— descriptive  statistics  to  examine  questionnaire  res- 
ponses, 

— correlation  analysis  to  determine  relationships  be- 
tween questionnaire  responses  and  productivity  measures, 

— regression  analysis  to  determine  if  the  questionnaire 
responses  could  be  used  to  predict  productivity  measures, 

— hypothesis  testing  using  the  t-test  to  determine  if 
differences  between  the  means  per  question  between  the  high 
and  low  productivity  ships  were  statistically  significant, 

— factor  analysis  to  Identify  the  general  dimensions 
measured  by  the  questionnaire. 

B.  DISCUSSION 

A suBSMury  of  the  mean  scores  by  question  is  provided  in 
Appendix  A.  The  per  cent  of  respondents  on  each  question 
selecting  answers  one  through  five  on  the  Likert  Scale  is 
shown  in  Table  B— I.  In  examining  these  tables,  the  follo«^ 
ing  are  observations: 

(1)  The  five  highest  means  are  for  questions  dealing  with 
extent  PNB  is  good,  extent  chewed  out,  extent  others  assist, 
extent  supervisors  assist,  and  extent  of  teamwork. 

(2)  The  five  lowest  means  are  for  questions  dealing  with 
adequacy  of  tools,  adequacy  of  svviplies,  extent  of  praise, 
adequacy  of  shipboard  training,  and  extent  of  encouragement. 


I 
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(3)  The  two  lowest  means  were  for  the  questions  regarding 
the  adequacy  of  tools  and  the  adequacy  of  supplies.  39. 3t 
and  36.7%  of  the  respondents  marked  the  lowest  categories 
on  the  Likert  Scale  (1  or  2)  in  answering  these  two  questions. 
In  this  author's  opinion  the  relatively  low  meam  scores  and 
the  high  percentage  of  men  selecting  the  lowest  categories 
on  the  Likert  Scale  for  the  questions  regarding  adequacy  of 
tools  and  the  adequacy  of  supplies  indicates  that  there  are 
a large  proportion  of  personnel  on  U.  S.  Navy  ships  who  feel 
that  their  tools  and  supplies  are  inadequate  to  work  effi*- 
clently.  This  is  supported  by  the  author's  shipboard  ex~ 
perience.  Maintaining  the  proper  amount  and  kind  of  tools 
and  supplies  are  frequently  major  problems  and  are  the 
source  of  complaints  of  enlisted  persoimel.  Frequently  en- 
listed personnel  are  heeurd  saying,  "we  never  have  enough 
tools  to  work  properly*  and  *we  never  have  enough  supplies 
(lubricants,  rags,  paint  thinner,  cleaning  supplies,  etc.) 
to  work  properly”. 

The  questionnaire  responses  suggest  both  favorable  and 
unfavorable  attitudes  and  perceptions  regarding  factors 
affecting  productivity.  The  following  are  this  author's 
generalisations  regarding  the  favorable  perceptions  of  ei^ 
listed  personnel  on  the  22  U.  S.  Navy  ships  who  took  the 
efficiency  questionnaire > 

(1)  They  believe  PNS  is  a good  system. 

(2)  They  believe  there  is  teass#ork  in  their  work  centers. 

(3)  They  believe  their  supervisors  assist  them  to  work 
efficiently. 
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(4)  They  believe  others  in  the  work  center  assist  them  to 
work  efficiently. 

The  following  are  this  author's  generalizations  regarding 
the  perceptions  of  enlisted  personnel  on  the  22  U.  S.  Navy 
ships  who  took  the  questionnaire  which  suggest  possible 
problem  areas : 

(1)  They  believe  they  have  inadequate  tools  to  work  effi- 
ciently. 

(2)  They  believe  that  have  inadequate  supplies  to  work  effi- 
ciently. 

(3)  They  believe  their  shipboard  training  sessions  do  not 
help  them  to  learn  to  work  more  efficiently. 

(4)  They  receive  little  praise  when  they  work  efficiently. 

(5)  They  get  "chewed  out"  when  they  don't  work  efficiently. 

(6)  They  get  little  encouragement  from  other  members  in 
their  work  center  to  give  their  best  effort. 

To  determine  if  there  were  emy  general  dimensions  mea- 
sured by  the  questionnaire,  a factor  analysis  of  the  ques- 
tionnaire responses  was  conducted  using  the  SPSS  (Statisti- 
cal Package  for  Social  Sciences)  computer  subroutines.  In 
the  factor  analysis  the  VARIMAX  factor  rotation  was  used. 

The  correlation  matrix,  varlmax  factor  matrix,  and  factor 
score  coefficient  matrix  are  shown  in  Tables  B-II,  B-III, 
and  B-rv.  The  factor  analysis  indicated  that  there  were 
five  general  dimensions  measured  by  the  questionnaire. 

These  dimensions  and  the  names  provided  by  this  author  are 
shown  below. 
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Factor  1 
Factor  2 
Factor  3 
Factor  4 
Factor  5 


Dimension— Index  Name 

Memagement  Index 
Resources  Index 
Positive  Leadership  Index 
Teamwork  Index 
Negative  Leadership  Index 


The  questions  on  the  questionnaire  associated  with  each  dimen- 
sion are  shown  in  Table  B— V.  Index  scores  were  computed  for 
each  dimension  by  adding  the  scores  for  each  question  in  the 
dimension  and  then  dividing  by  the  number  of  questions  in  the 
dimension.  Table  B— VI  is  a summary  of  the  mean  index  score  for 
the  2212  respondents  to  the  questionnaire. 

To  identify  important  factors  or  variables  affecting  pro- 
ductivity and  to  determine  the  relationships  between  the  res- 
ponses to  the  questionnaire  and  productivity  measures,  a sta- 
tistical analysis  of  the  data  was  accomplished.  First,  the 
Pearson  correlation  coefficient  (r)  was  computed  to  determine 
the  relationship  between  the  meaui  scores  per  question  per 
ship.  Also  the  Pearson  correlation  coefficient  (r)  was  coia- 
puted  to  determine  the  relationship  between  the  mean  index 
score  per  ship  euid  the  mean  planned  maintenance  actions  per 
man  per  ship.  Teibles  B— VII  and  B— VIII  display  the  Pearson 
correlation  coefficients.  Second,  the  26  U.  S.  Navy  ships 
were  divided  into  two  groups  according  to  their  planned  main- 
tenance actions  per  man  ratios.  The  two  groups  were  desig- 
nated the  high  productivity  ships  and  the  low  productivity 
ships  . Table  B— IX  shows  the  mean  scores  per  question  of 
personnel  responding  on  the  high  and  low  productivity  ships. 
Table  B— X shows  the  mean  scores  per  index  of  personnel  res- 
ponding on  the  high  and  low  productivity  ships. 
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In  examination  of  Tables  B-VII,  B-VIII,  B-IX  and  D-X,  the 
following  observations  are  made: 

(1)  The  seven  variables  (questions)  which  had  statistically 
significant  differences  in  mean  values  between  the  high  and 
low  productivity  ships  using  the  t— test  were:  adequacy  of 
tools,  adequacy  of  supplies,  extent  supervisors  assist,  ex- 
tent motivated,  extent  of  teamwork,  extent  of  plaiming,  and 
extent  of  encouragement. 

(2)  Of  these  seven  variables  three  had  correlation  coeffi- 
cients above  .50:  adequacy  of  tools  (.67),  adequacy  of  sup- 
plies (.57),  and  extent  of  teamwork  (.54).  Additionally,  the 
variable  adequacy  of  planning  had  a correlation  coefficient 

of  .47. 

(3)  Three  dimensions  had  indices  which  had  statistically 
significant  differences  in  mean  values  between  the  high  and 
low  productivity  groups.  These  were  the  Resources  Dimension, 
the  Team«fork  Dimension,  and  the  Positive  Leadership  Dimension. 

(4)  Of  these  three  dimensions  one  had  a correlation  coeffi- 
cient above  .50:  Resources  Dimension  (.65). 

The  final  aspect  of  the  analysis  of  the  questionnaire 
responses  consisted  of  using  multiple  linear  regression  tech- 
niques with  SPSS  (Statistical  Package  for  Social  Sciences) 
computer  subroutines  to  determine  if  mean  scores  per  question 
per  ship  and  mean  index  scores  per  ship  could  be  used  to  pr^ 
diet  specific  productivity  or  performance  measures.  The 
following  regression  equations  were  computed  (t  statistics 
in  parentheses) : 
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(1)  y - -15.41  + S.lSXj^  + 4.I6X2  wher« 

(3.94)  (2.77) 

Y “ planned  maintenance  actions  per  man 
X^  ■ mean  score  on  adequacy  of  tools  question 
X2  “ mean  score  on  extent  of  teamwork  question 
Relevant  statistics  are: 
r^  - .61 

F ratio  (overall)  > 14.99 
Standard  Error  of  Estimate  - 1.47 


(2) 


Y - -4.58  + 6.45Xj^  + 4.54X2  " S.OOXj 


where 


(3) 


(4.28)  (2.58)  (2.25) 

Y ■ pleumed  maintenance  actions  per  man 
” mean  score  on  Resources  Index 

X2  ■ mean  score  on  Teamwork  Index 
X^  ■ mean  score  on  Management  Index 
r^  - .61 

F ratio  (overall)  > 9.20 
Standard  Error  of  Estimate  - 1.524 

Y - 1.96  + 23.55Xj^  + 11. 96X2  + 13. 05X3 


where 


(3.37)  (2.03)  (-1.90) 

Y “ PMS  accoaq>lishment  rate 
X|^  ■ BMsn  score  on  teamwork  question 
X2  “ mean  score  on  adequacy  of  tools  question 
X3  ■ mean  score  on  adequacy  of  training  question 
Relevant  statistics  are: 
r^  - .62 

F ratio  (overall)  ■ 9.59 
Standard  Error  of  Estimate  - 6.521 
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where 


t 
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(4)  Y - 17.58  + 32.91Xj^  - 29.19X2  15.69X3 

(4.27)  (-3.00)  (2.38) 

Y ■ PMS  accomplishment  rate 
X3  ■ mean  score  on  Teamwork  Index 
X2  ■ mean  score  on  Management  Index 
X3  ■ mean  score  on  Resources  Index 
Relevant  statistics  are: 
r^  - .60 

F ratio  (overall)  > 8.92 
Standard  Error  of  Estimate  • 6.521 
Examination  of  these  regression  equations  and  the  rele- 
vant statistics  indicate  the  following  to  the  author: 

(1)  The  mean  scores  per  question  from  the  Ship  Efficiency 
Questionnaire  have  some  predictive  capability  to  predict  the 
level  of  productivity  on  a ship  by  predicting  its  mean 
planned  maintenance  actions  per  man  ratio. 

(2)  The  mean  scores  per  question  from  the  Ship  Efficiency 
Questionnaire  have  some  predictive  capability  to  predict  the 
level  of  PMS  accomplishment  on  a ship  by  predicting  its  mean 
PMS  acconqplishment  rate. 

(3)  The  mean  index  scores  per  ship  also  have  scsie  predictive 
capability  to  predict  the  mean  planned  maintenance  actions 
per  sum  and  the  mean  PMS  acconq>lishment  rate:  however,  the 
regression  equations  using  the  mean  scores  per  question  are 
considered  superior. 

a 
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C«  CCmCLUSIONS  FROM  THE  EFFICIENCY  QUESTIONNAIRE 


I 
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The  following  are  the  conclusions  of  this  author  after 
analysis  of  the  2212  responses  of  enlisted  personnel  from  22 
U.  S.  Navy  Pacific  Fleet  ships: 

(1)  The  2212  responses  to  the  Efficiency  Questionnaire  shown 
In  Appendix  A Indicate  that  the  factors  most  highly  corre- 
lated with  productivity  measure  planned  maintenance  actions 
per  man  are  adequacy  of  tools,  adequacy  of  supplies,  amount 
of  teamwork,  and  adequacy  of  planning.  In  terms  of  each  of 
these  factors,  ships  with  high  productivity  ratios  (planned 
maintenance  actions  per  man)  had  higher  mean  scores  on  these 
questions  (adequacy  of  tools,  adequacy  of  supplies,  amount 
of  teamwork,  and  adequacy  of  planning)  than  ships  with  low 
productivity  ratios  (planned  malntenemce  actions  per  man) . 
Department  heads  or  commanding  officers  Interested  In  enhanc- 
ing productivity  In  their  organizations  should  examine  these 
factors  and  implement  management  actions  designed  to  posi- 
tively impact  on  these  factors. 

(2)  The  2212  responses  to  the  Ship  Efficiency  Questionnaire 
indicate  that  the  factors  affecting  productivity  regarding 
adequacy  of  tools  and  adequacy  of  supplies  may  be  problems  on  num- 
erous tfiips.  This  is  due  to  the  fact  that  the  two  questions 
regarding  these  factors  had  low  mean  scores  and  that  a large 
number  of  respondents  marked  one  of  the  t«ro  lowest  categories 

on  the  Likert  Scale.  Between  36%  and  39%  of  the  respondents 
marked  the  category  on  the  Likert  Scale  that  they  felt  they 
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had  "to  a vary  little  extent"  or  "to  a little  extent"  ade- 
quate tools  and  adequate  supplies  to  work  efficiently. 

(3)  The  2212  responses  to  the  Ship  Efficiency  Questionnaire 
indicate  that  the  factor  amount  of  teamwork  is  highly  corre- 
lated with  the  productivity  measure  planned  maintenance 
actions  per  man.  Additionally  ships  with  high  productivity 
ratios  (planned  maintenance  actions  per  man)  had  a higher 
mean  response  score  for  the  amount  of  teamwork  than  ships 
with  low  productivity  ratios  (planned  maintenance  actions  per 
man) . This  suggests  the  importance  of  teamwork  for  high  pro- 
ductivity. Additionally,  this  supports  findings  presented  in 
Human  Resource  Management  and  Operational  Readiness  as 
Measured  by  Refresher  Training  on  Navy  Ships,  by  Dr.  Sandra 
J.  Mumford.  That  report  stated  that  the  Peer  Teamwork  Index 
from  the  Human  Resources  Management  Survey  was  found  to  be 
strongly  correlated  (r  « .75)  with  Full  Refresher  Training 
Unit  Averages  for  16  Navy  ships  (Mumford,  1976) . 

(4)  The  2212  responses  to  the  Ship  Efficiency  Questionnaire 
support  the  Joint  Financial  Naiuig«nent  Improvement  Program 
(JFMIP)  model  of  a total  performance  measurement  system  shoim 
in  Figure  9 of  this  report.  This  model  states  and  depicts 
that  eaqployee  attitudes  affect  the  effectiveness  and  effi- 
ciency of  an  organisation.  There  were  statistically  signi- 
ficant differences  between  the  high  and  lew  productivity 
ships  on  the  mean  scores  on  seven  out  of  16  questions  at  the 
.05  level  of  significance.  These  significant  differences 

in  the  mean  scores  on  the  seven  questions  indicate  that  there 


are  aubatantial  differencea  in  the  attitudea  of  the  enllated 


peraonnel  on  the  high  and  low  productivity  ahipa. 

(5)  The  Ship  Efficiency  Queationnaire  ahown  in  Appendix  A ia 
conaidered  a valid  inatrximent  for  meaauring  attitudea  and 
perceptiona  of  enliated  peraonnel  on  u.  S.  Navy  ahipa  regard- 
ing factora  affecting  productivity.  The  queationnaire  waa 
aucceaafully  preteated  at  the  U.  S.  Naval  Poatgradxiate  School 
and  aucceaafully  adminiatered  in  the  U.  S.  Pacific  Fleet  EMRM 
Project.  By  Decenber  1976,  approximately  5000  enliated  per- 
aonnel will  have  taken  the  queationnaire. 

(6)  The  Ship  Efficiency  Queationnaire  can  be  uaed  by  work  cen- 
ter aupervlaora,  department  heada,  and  commanding  officera  to 
meaaure  attitudea  and  perceptiona  of  their  peraonnel.  The 
queationnaire  can  be  adminiatered  on  a one-to-one  interview 
baaia  or  on  a group  baala.  The  interview  me^od  la  recom- 
mended alnce  apeciflc  problema  or  miatmderatandlnga  can  be 
openly  diacuaaed.  The  queationnaire  can  be  tailored  to  meet 
apeciflc  needa  of  the  organization.  For  example,  a department 
head  may  deaire  to  aak  queationa  regarding  additional  factora 
he  feela  may  affect  productivity  in  hia  department  auch  aa 
working  houra,  control  over  toola  and  auppliea,  degree  of 
oleanlineaa  in  the  departmental  apacea,  aaaignawnt  of  work, 
needa  for  apeciflc  toola,  etc. 

(7)  Queaticna  from  the  Ship  Efficiency  Questionnaire  can  be 
incorporated  in  the  U.  S.  Navy  Human  Resources  Management 
Survey  which  is  adadnistered  throughout  the  U.  S.  Navy.  A 
specific  Prcdttctivity  Index  cculd  be  developed  using  questions 
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from  the  Ship  Efficiency  Questionnaire.  The  author  recom- 
mends that  the  following  two  questions  be  added  to  the  HRM 
Survey  to  form  the  Productivity  Index: 

(a)  To  what  extent  do  you  have  adequate  tools  to  work 
efficiently? 

(b)  To  what  extent  do  you  have  adequate  supplies  to  work 


efficiently? 


Table  B— 1.  Summary  of  Proportion  of  Responses 


Likert  Scale 

1 

2 

3 

4 

5 

Adequate  Tools 

18.7% 

20.6% 

41.3% 

17.4% 

2.1% 

• 

Adequate  Supplies 

12.8% 

23.9% 

46.0% 

15.5% 

1.8% 

Extent  of  Praise 

16.6% 

22.2% 

41.9% 

15.7% 

3.6% 

Extent  of  Chewed  Out 

6.3% 

13.1% 

38.0% 

27.1% 

15.6% 

Extent  of  High  Evals 

6.4% 

16.3% 

42.1% 

29.1% 

6.0% 

Extent  of  Low  Evals 

6.1% 

12.6% 

43.5% 

28.1% 

9.6% 

T 

► 

i 

Extent  Supervisors 
Assist 

8.1% 

13.3% 

35.2% 

32.1% 

11.3% 

Extent  Others  Assist 

6.0% 

11.5% 

37.0% 

36.0% 

9.5% 

1 

f 

Extent  Enjoy  Job 

17.4% 

11.4% 

29.2% 

27.4% 

14.6% 

r 

\ 

Extent  Motivated 

11.6% 

13.3% 

37.5% 

28.8% 

8.8% 

i 

Extent  PMS  Good 

7.2% 

9.9% 

30.8% 

30.6% 

21.4% 

i 

- Extent  Training 
Effective 

14.3% 

21.0% 

37.1% 

22.2% 

5.4% 

t 

i ■ 

i 

Extent  Efficiency 
Goals 

9.1% 

19.1% 

39.7% 

25.9% 

6.3% 

1 

I 

Extent  of  Teamwork 

8.2% 

12.1% 

34.3% 

32.0% 

13.3% 

Extent  of  Planning 

10.4% 

15.6% 

37.8% 

29.6% 

6.5% 

i 

Extent  of  Encourage- 

14.3% 

18.4% 

39.0% 

21.4% 

6.8% 

ment 
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Table  Ship  Efficiency  Questionnaire  Factor 

Score  Coefficients 


1»S  * 04/07/T6 

*IN  f«V  MAOeS  (-1  TO  C-T  OM  22  SHITS 


TACToa  scoai  cotMiciims  positive  negative 

SAMAGBSENT  RESOOKES  UAOERSHIP  TEAWWOWC  UAOeRSHIP 

DIMEMSION  DIMEMSIOII  DIMENSION  DIMENSION  DIMENSION 

. - ‘ TACtOR  S 


Table  B-IV.  Ship  Efficiency  Questionnaire  VARIHhX  Factor 
and  Transformation  Matrix 


PS  ••/sr/TA 

IN  PAV  dlAOES  1-1  TO  ON  » SHIPS 


VARINAX  NOTATfO  PACTOR  MATRIX  pmt.iv.  * NEGATIVE 

MAMAGBeHT  RESOURCES  IMADSR8N1P  ^SAMHORR  KAllBRSHIP 

DufiSloli  DIHENSIOH  SnSSlON  »»»SION  DIMENSION 

PACTOR  I PACTOR  2 PACTOR  ) PACTOR  A PACTOR  9 


m\ 


Af 


IRANSPORMAttM  MATRIX 

PACTOR  I PACTOR  I PACTOR  S PACTOR  A PACTOR  9 

I 11  n H jH 


m 


Table  B>V 


Oinensione  of  the  Efficiency  Questionnaire 


Management  Dimension 

Extent  of  motivation 
Extent  PMS  is  good 
Adequacy  of  shipboard  training 
Extent  of  efficiency  goals 
Adequacy  of  planning 

Resources  Dimension 
Adequacy  of  tools 
Adequacy  of  supplies 

Positive  Leadership  Dimension 
Extent  of  praise 
Extent  of  high  evaluations 
Extent  supervisors  assist 
Extent  enjoy  job 

Teamwork  Dimension 

Extent  others  assist 
Extent  of  teamwork 
Extent  of  encouragement 

Negative  Leadership  Dimension 
Extent  of  being  "chewed  out" 
Extent  of  low  evaluations 
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Tabl«  B-VI.  Summary  of  Mean  Index  Scores  by  Ship 


Mean 


Management  Index 
Resources  Index 
Positive  Leadership 
Index 

Teamwork  Index 
Hegative  Leadership 
Index 


Pearson  Correlation  Coefficients  between  Mean 
Planned  Maintenance  Actions  per  Man  and  Mean 
Questionnaire  Scores  by  Shin 


Question 


Adequate.  Tools 

Adequate  Supplies 

Praise 

Chewed  Out 

High  Bvaluations 

Low  Bvaluations 

iupervisors  Assist 

Others  Assist 

Bnjoy  Job 

Motivated 

PNS  Good 

Adequate  Training 
Bffioieney  Goals 
Teamwork 

Adequate  Planning 
Encouragement 


Motet  * indicates  significant  at  .05  level  of  significance 
Level  of  significance  (P)  indicated  in  parentheses. 


Table  B-VIII.  Pearson  Correlation  Coefficients  between  Mean 
Planned  Maintenance  Actions  per  Man  and  Mean 
Index  Scores  by  Ship 


Pearson  Correlation 


Index 

Coefficient  r 

_E_ 

Managonent  Index 

.00 

(.495) 

Resources  Index* 

.65 

(.001) 

Positive  Leadership 

Index 

.10 

(.333) 

Teamwork  Index* 

.41 

(.030) 

Negative  Leadership 

Index 

.07 

(.378) 

Note:  N « 22  * indicates  significant  at  .05  level  of 

significemce.  Level  of  significemce  indicated  in  parentheses. 


Table  B-IX.  Comparison  of  High  and  Low  Productivity  Ships 
in  Terms  of  Meem  Responses  per  Question 


High 

Low 

Productivity 

Productivity 

t- 

Question 

Ships 

Ships 

value 

Adequate  tools* 

2.75 

2.53 

4.97 

(.001) 

Adequate  supplies* 

2.78 

2.62 

3.96 

(.001) 

Amount  of  praise 

2.70 

2.63 

1.62 

(.105) 

Chewed  out 

3.32 

3.28 

.79 

(.432) 

High  evaluations 

3.05 

2.98 

1.42 

(.157) 

Low  evaluations 

3.14 

3.08 

1.35 

(.178) 

Supervisors  assist* 

3.28 

3.17 

2.20 

(.028) 

Others  assist 

3.31 

3.24 

1.73 

(.085) 

Enjoy  job 

3.12 

3.03 

1.60 

(.110) 

Motivated* 

3.07 

2.96 

2.15 

(.031) 

PMS  good 

3.43 

3.37 

1.11 

(.266) 

Training  effective 

2.70 

2.78 

-1.47 

(.143) 

Efficiency  goals 

2.93 

2.91 

.43 

(.669) 

Teassfork* 

3.30 

3.13 

3.35 

(.001) 

Planning* 

3.04 

2.92 

2.49 

(.013) 

Encouragement* 

2.90 

2.71 

3.67 

(.001) 

*M  • 2212.  * indicates  significant  differences  between  means 

at  .05  level  of  signifioanoe.  Level  of  significance  of  t— 
values  indioeted  in  parentheses. 


134 


Table  B—X.  Comparison  of  High  and  Low  Productivity 
Ships  in  Terms  of  Mean  Response  Scores 
on  Indices 


High  Low 


Index 

Productivity 

Shios 

Productivity 

Shins 

t- 

value 

_E_ 

Management  Index 

3.04 

2.99 

1.27 

(.205) 

Resources  Index* 

2.76 

2.57 

4.96 

(.001) 

Positive  Leader^ 
ship  Index* 

3.04 

2.95 

2.44 

(.015) 

Teamwork  Index* 

3.17 

3.03 

3.62 

(.001) 

Negative  Leader- 
ship Index 

3.23 

3.18 

1.28 

(.200) 

Note:  N « 2212  * indicates  significant  differences  between 

means  at  .05  level  of  significance  using  t— test.  Level  of 
significance  of  t values  indicated  in  parentheses. 
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APPENDIX  C:  SHIP  PRODUCTIVITY  REPORT 


I 


I 


I 


I 

i 


t 

I 

i 
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To  develop  a usable  productivity  report  to  feed  back  pro- 
ductivity information  to  U.  S.  Navy  ships,  numerous  productiv- 
ity measurement  and  exUiancement  progreuns  and  sample  productiv- 
ity reports  were  studied  and  analyzed.  Programs  and  reports 
from  the  following  organizations  were  reviewed: 

— Department  of  Defense  Productivity  Progr2un, 

— Department  of  the  Navy  Productivity  Program, 

— Defense  Supply  Agency's  Performance  Evaluation 
Reporting  System 

— Naval  Supply  Systems  Command  Activity  Management  Report 

— National— American  Wholesale  Grocers'  Association 
Warehousing  Productivity  Measurement  Program  (NAWGA) 

The  NAWGA  Warehousing  Productivity  Measurement  Program 
Overall  Performance  Report  is  shown  in  Figure  C-1.^  This 
author  considers  it  one  of  the  superior  productivity  reports 
reviewed  in  this  research..  NAWGA 's  program  and  report  have 
many  characteristics  which  eure  applicable  to  U.  S.  Navy  ships. 
The  productivity  measure  used  in  NAWGA 's  program  is  TPMH 
(Tons  of  merchandise  moved  per  man  hour).  NAWGA 's  report 
provides  the  functional  breakdown  of  warehousing  functions: 
receiving,  shipping,  repacking,  indirect  labor  (supervision, 
etc.),  and  support.  Productivity  ratios  (called  operating 
levels)  are  listed  for  each  of  these  functions  and  subf unc- 
tions for  the  current  month,  for  the  past  year  (average) , and 


^Thls  report  was  provided  by  the  National  Center  for  Pro- 
ductivity and  Quality  of  working  Life.  Permission  to  repro- 
duce the  report  was  received  from  the  National  Center. 
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(2)  The  reports  were  to  be  easy^to-read. 

(3)  The  reports  were  to  stand  by  themselves  and  not  require 
reference  to  instructions  or  letters  to  be  understood. 

(4)  The  reports  were  to  permit  comparison  of  overall  ship 
productivity  of  a specific  ship  with  the  productivity  of 
similar  ships. 

(5)  The  reports  were  to  permit  cos^arlson  of  the  productivity 
of  a specific  work  center  with  the  productivity  of  the  same 
work  center  on  similar  ships. 

(6)  The  reports  were  to  show  changes  in  productivity  if  they 
occurred  over  time  for  the  detection  of  trends. 

(7)  The  reports  were  to  be  designed  as  management  reports  to 
be  sent  directly  to  the  coamanding  officers  of  the  reporting 
ships  with  no  copies  provided  to  higher  authority. 

Figure  0-2  is  the  format  of  the  productivity  report  de- 
veloped for  use  with  the  data  collected  for  the  26  U.  S.  Navy 
ships.  This  format  is  the  third  format  used  with  the  data. 

The  first  format  was  for  a manually  produced  report.  It  con- 
sisted of  a listing  of  productivity  and  average  cost  ratios 
by  ship.  Ratios  for  all  26  ships  were  listed  but  only  the 
ship  to  whom  the  report  was  sent  was  identified.  This  was  to 
autintain  confidentiality  and  to  provide  consumdlng  officers 
with  information  as  to  where  their  ship  ranked  overall  in 
terms  of  the  ratios.  The  second  format  was  an  automated  re- 
port. It  consisted  of  listing  productivity  ratios  by  work 
center  for  sech  reporting  ship.  Both  of  these  reports  were 
sent  to  13  of  the  26  ships  for  which  the  data  was  being 
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I 

I 


f 


I3f 


Pigur*  0-2.  PACFLT  BMRM  Program  Monthly  Performance 
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collected.  The  report  shown  in  Figure  C-2  was  developed  dur- 
ing the  final  months  of  the  BMRM  Project.  This  report  was 
programmed  in  the  COBOL  (Comnon  Business  Oriented  Language) 
computer  language. 

The  Ship  Productivity  Report  shown  in  Figure  C-3  is  the 
format  of  a productivity  report  the  author  considers  feasible 
for  general  use  for  U.  S.  Navy  ships.  It  was  designed  after 
taking  into  account  the  findings  of  this  research  and  the 
experience  gained  in  designing  and  using  productivity  reports 
with  the  data  being  collected  on  26  ships  participating  in 
the  EMRM  Project.  The  Ship  Productivity  Report  shown  in  Fig- 
ure C-3  would  require  the  following  information  be  submitted 
monthly  by  %iork  center  for  each  reporting  shipt 

- number  of  HR's  (maintenance  requirements)  fully  accom- 
plished during  the  month  by  each  work  center, 

- number  of  HR's  partially  accooq>lished  during  the  month 
by  each  work  center, 

- nuad>er  of  enlisted  men  assigned  to  each  work  center, 

- amount  of  OPTAR  consumed  for  each  work  center  during 
the  month. 

The  amount  of  OPTAR  should  be  the  total  amount  of  OPTAR  con- 
■umod  to  include  equipage,  repair  parts,  and  oonswables. 

The  following  ratios  are  listed  on  the  Ship  Productivity 
Report  shown  in  Figure  0-3 t 

- PUS  aeoomplistaMnt  rate, 

- per  cent  change  in  PNS  aocoavlishment  rate  from  one 
month  ago. 


■i 
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— planned  maintenance  actions  per  man, 

■“  per  cent  chimge  in  maintenance  actions  per  man  from 
one  month  ago, 

— planned  maintenance  actions  per  OPTAR  dollar  consumed, 

— per  cent  change  in  planned  maintenance  actions  per 
OPTAR  dollar  consumed  from  one  month  ago, 

— PNS  accomplishment  rate  for  similar  ships  and  for  the 
same  work  center  on  similar  ships, 

"■  planned  maintenance  actions  per  man  for  similar  ships 
and  for  the  same  work  center  on  similar  ships, 

— planned  maintenance  actions  per  OPTAR  dollar  consumed 
for  similar  ships  and  for  the  same  work  center  on  similar 
ships. 

The  Ship  Productivity  Report  shown  in  Figure  C-3  uses  the 
output  measure  plimned  maintenMce  actions  accomplished. 

Planned  maintenance  actions  accon^lished  is  the  sum  of  all  \ 

MR's  fully  accomplished  and  1/2  of  all  the  MR's  peurtially 
accceplished.  The  input  measures  used  in  the  report  are  the 
average  number  of  men  assigned  and  the  amount  of  OPTAR  dollars 
consumed.  The  average  number  of  men  assigned  is  the  sum  of 
the  number  of  iMn  assigned  on  the  first  day  of  the  month  *m|i 
the  last  day  of  the  month  divided  by  2.  The  amount  of  OPTAR 
dollars  consumed  is  the  total  amount  of  OPTAR  consuiMd  during 
the  month.  It  is  the  author's  opinion  that  all  OPTAR  costs 
are  related  to  the  amount  of  planned  maintenance  accomplished 
and  therefore  should  be  included  in  the  input  amasure.  using 
total  OPTAR  costs  results  in  a more  general  and  more 
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comprehensive  productivity  measvure  than  would  result  by  using 
N only  OPTAR  dollars  consumed  for  repair  parts. 

It  is  emphasized  that  the  productivity  reports  sho%m  in 
Figures  0-2  and  0-3  are  intended  to  be  used  as  management  re- 
ports as  individual  comnumding  officers  desire.  Strict  con- 
fidentiality is  considered  in^rtant  to  avoid  the  manipulation 
of  the  input  data.  The  confidentiality  would  consist  of  the 
requirement  that  the  report  be  sent  only  to  the  commanding 
officers  of  the  reporting  ships  with  no  copies  to  seniors  or 
to  other  officers.  The  confidentiality  for  this  report  %#ould 
be  exactly  like  the  confidentiality  of  the  U.  S.  Navy  Human 
Resources  Nanag«nent  Survey  results. 

There  are  obvious  advantages  and  disadvantages  in  produc- 
ing productivity  reports  for  U.  S.  Navy  ships.  Some  of  the 
advantages  aret 

(1)  They  provide  useful  management  Information  to  help  idenr- 
tify  weak  and  strong  areas,  unfavorable  and  favorable  trends, 
etc. 

(2)  Th^  provide  an  increased  awareness  of  productivity,  out- 
put, and  input. 

(3)  They  provide  a means  to  help  evaluate  the  effects  of 
managsswnt  actions  to  improve  productivity. 

(4)  Miey  could  motivate  officers  and  enlisted  personnel  to 
improve  productivity. 

Some  of  the  disadvantages  aret 
I (1)  They  require  the  collection  of  data, 
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(2)  They  could  be  misused  such  as  basing  decisions  on  a pro- 
ductivity report  without  using  other  relevant  information. 

(3)  They  could  be  Inaccurate  and  misleading  if  the  data  input 
was  inaccurate  or  falsified. 

(4)  They  could  be  costly  in  terms  of  computer  time. 

As  a result  of  designing  and  using  productivity  reports 
in  this  research/  the  author  presents  the  following  opinions: 

(1)  Automated  productivity  reports  for  U.  S.  Navy  ships  using 
maintenance/  personnel/  and  OPTAR  cost  data  is  feasible  and 
within  the  "state  of  the  art"  in  terms  of  MIS  (management  inr* 
formation  systems) , computer  software/  and  computer  hardware. 

(2)  Automated  productivity  reports  for  U.  S.  Navy  ships  would 
require  the  collection  of  maintenance/  personnel/  and  OPTAR 
cost  data  that  is  not  normally  collected  on  all  U.  S.  Navy 
ships. 

(3)  Non-automated  (manually  produced)  productivity  reports 
for  U.  S.  Navy  ships  can  be  produced  for  a single  ship  as 
outlined  in  Appendix  A (Shipboard  Productivity  Improvement 
Program) • 

(4)  Automated  productivity  reports  are  potentially  very  use- 
ful management  reports  idiich  are  similar  to  reports  used  by 
oommereial  oosq>anies  in  the  private  sector. 


APPENDIX  D.  SAMPLE  PRODUCTIVITY  PUBLICATIONS 


BXCBI^  FROM 


NATIONAL  CENTER  FOR  FROOUCnVITT 
AND 

QUAUTY  OF  WORIONO  LIFE 


CURRENT  PUBUCATIOMS 


April  MTS 


NkUotwl  Cmttr  for  Prodoctivttjr 
■ad 

QoaUtjr  of  Workiiic  Lif« 
2000MStr««t.  N.W. 
WaahtagtoR.  O.C. 


A NATIONAL  POUCT  FOR  PRODUCnVITY  OilPROVXMENT 

1975  35  pp. 

A statMBMt  tqr  the  National  Commiaaion  on  Prodnctlvitp  and  Woiie 
Qualitjr  on  national  'prodoctivltx  policy.  Daaignad  aa  a basia  for 
fotora  afforta  of  tha  Cantar  and  ita  ataN. 


FOURTH  ANNUAL  REPORT  OF  THE  NATK^AL  COMMISSION  ON 
PROOUCnVITY  AND  WORK  QUALITY  1975  55  ^ 

Aa  aceonat  of  tha  Commiaaioa'a  aetivltiaa  daring  1974.  Alao  offara 
aa  aaa^rsla  of  eyclieal  raiiatiana  inproduetlrlUr  growth  aa  far  back 
aa  U5lh  ioelataa  faetora  adiieheaaaadownlaraas  and  aogjpMta  poaittra 
govamnaant  polleiaa  that  might  dlaeoaraga  daeliaa  and  axtand  partoda 
of  rapid  growth. 


THIRD  ANNUAL  REPORT  OF  THE  NATIONAL  COMMISSION  ON 
PRODUCTIVITY  1974  55  pp. 

Aannal  raport  to  tha  Praaidant  aad  Congraoa  of  Uia  Conuaiastoa'a 
actlTltiaa  in  1973.  laeladaa  tablaa  ahowlng  tha  yaar*to>yaar  atatlatl- 
cal  chaagaa  in  a nombar  of  araaa  diraeuy  rwatad  to  prodoetlvtty. 


PRODUCnVITY  CENTERS  AROUND  THE  WORLD  1975  35  pp. 

Daaeribaa  tha  obJaetlTaa.  fanetiona,  aad  oparationa  of  m^or  pro- 
dnctivlty  eantara  aronad  tha  world.  Soggaata  aoma  raaacna  for  thair 
eontlaaad  growth  aad  laflaaaea.  Caatara  daaerlbad  la  caaa  atad- 
iaa  iaohida  mambara  of  tha  Eiiropaan  AoBoeiatton  of  National  Pre- 
dnetlvtty  Caatara  CBMglam,  Bulgaria.  Cxaehoaloamlda.  Damaaric. 
Frapea,  WaatOanMoy.  Graaea.  Hmgaxy.  Isalaad.  Iralaad.  Italy. 
Luxonaburg.  tha  Natharlanda.  Norway.  PortugaL  Spain.  Turkay. 
aad  YugouaTia)  and  Aaotralla.  laraal,  Japan.  Now  Zaaland.  aad 
South  AfHea. 


THE  ROLE  OF  PRODUCTIVITY  IN  CONTROLLING  INFLATION 

1974  25  pp. 

Study  popar.  Major  eauaaa  of  currant  inflation.  laeludaa  a datailad 
soctor-t^-aactor  aaalyaia  of  tha  favorabla  impact  ineraaaad  produc- 
tivity eaahavaon  riaing  pricaa  aad  tha  ganaral  haalthof  our  aeonomy. 
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THE  STATUS  OF  PRODUCTIVITY  MEASUREMENT  IN  STATE 
GOVERNMENT:  AN  INITIAL  EEAMINATION  1975  238pp. 

Th*  first'  aurr«7  of  Stats  budgst  offiesrs'  psresptioa  as  to  ths  car- 
rsnt  OSS  of  produetivltar  sadsffsetivsnsss  msssurss.  Sssks  to  idsntiiy 
ths  sdsquaey  of  prodactivity  iaformstion  svatlsbls  rsgolsrly  to  public 
officials. 


IMPROVING  MUNICIPAL  PR(»UCTIVTry:  WORK  MEASUREMENT 
FOR  BETTER  MANAGEMENT  1975  36  pp. 

Dsseribss  usss  of  sad  bsnsflts  dsrivsd  from  ths  lypUcation  of  work 
msasarsmsBt  tsehaiquss  to  municipal  fkiaetions.  niustratss  how 
thsss  tsehniquss  bass  bssn  applied  to  enhaacs  local  gorsmmsnt  pro- 
ductislly.  Intsndsd  to  aidmanagsrs  aad  staff  analysts  in  ondsrstaading 
these  concepts  aad  their  ippUcatlon. 


SO,  MR.  MAYOR.  YOU  WANT  TO  IMPROVE  PRODUCnVlTY 

1974  32  pp. 


Guideliaes  tor  ths  chief  exeentlTe  of  any  government  orgaaizatioa 
for  imptameatiag  a productivity  improvement  program.  Co^rs  union 
partlotpatlca  and  public  understanding.  Oescrlbea  an  approach  to 
obtalaiag  aad  organising  the  analytical  resources  required  to  achieve 
the  toll  potential  firom  a productivity  improvement  program. 


THE  WmOSPREAD  CONFERENCE:  PRODUCTIVITY  IN  STATE  AND 
LOCAL  GOVERNMENT  1973  28  pp. 

The  au^  barriers  to  improving  productivity  in  State  aad  local  gor> 
emment  as  viewed  by  50  key  governors,  mayors,  dw  managers, 
and  ceoaly  exaenttves. 


IMPROVING  POUCE  PRODUCTIVITY:  A BRIEF  FOR  ELECTED 
OFFICIALS  1973  18  pp. 

Subtitled  More  for  Tour  Law  Enforcement  Dollar.  Information  to 
help  electee  otiidiaii  asieistne  procucuvity  or  pouce  services.  Also 
identlfios  improvement  techniques  triad  in  selected  Jurisdictioos. 


CX3NFERENCS  ON  AN  AGENDA  FOR  ECONOMIC  RESEARCH  ON 
PRODUCTIVITY  1973  68  pp. 

Scholarly  appraisals  of  what  can  ba  dona  through  aconomlc  rasaareh 
to  broadan  knowladga  of  productivity  maasuramant  and  growth  and 
tha  impact  of  eyeUeal  variation  and  productivity  change.  A critical 
raviaw  of  tha  state  of  Imot-  ladga.  major  gaps,  and  research  prior- 
itias  in  various  fields. 
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LABOR  MANAGEMENT  COMMITTEES  IN  THE  PUBLIC  SECTOR: 
BCPERIENCES  of  eight  COMMITTEES  1976  78  pp. 

Based  on  interviews  with  practitionars.  Daserfbas  the  axparlanees 
of  eight  labor-management  committees  which  have  been  operating  in 
various  local  government  and  Federal  agencies.  Intended  as  a guide 
to  initiatiag  Joint  committees  to  improve  employee  morale  and  pro- 
ductivity. 

A JURISDICTIONAL  GUIDE  TO  PRODUCTIVITY  IMPROVEMENT 
PROJECTS,  plus  Quarterly  Updates  1975  119  pp. 

Subtitled  A Handbook  for  Public  Offlclals.  Prepared  by  Intematioa- 
al  City  Management  Association.  Demonstrates  tha  many  and  various 
approaches  and  techniques  which  have  been  utilised  across  tha 
couittry  to  improve  local  government  productivity.  Organized 
specific  ftmetioas,  such  as  energy  conservation,  general  administra- 
tion. inspections,  parks  and  recreation,  public  safety,  public  works, 
etc. 


EMPLOYEE  INCENTIVES  TO  IMPROVE  STATE  AND  LOCAL 
GOVERNMENT  PRODUCTIVITY  1978  182  pp. 

Describes  the  different  employee  incentive  programs  in  use 
in  State  and  local  governments  throughout  the  U.S.  Reviews 
• a sampling  of  these  programs  and  shows  restilts  obtained  by  the 
various  governments.  Offers  guidelines  on  the  implementation  of 
incentive  pi-o;(rams. 


OPPORTUNITIES  FOR  IMPROVING  PRODUCTIVITY  IN  POLICE 
SERVICES  1973  76  pp. 

Report  of  the  Advisory  Group  on  Productivity  in  Law  Enforcement. 
Identifies  issues  relatiiagto  productivity  within  patrol,  crime  preven- 
tion. and  human  resources;  explores  the  potential  for  developing 
more  precise  measures;  and  provides  examples  ct  improvement 
techniques. 

IMPROVINQ  PRODUCTIVITY  IN  SOLID  WASTE  COLLECTION:  A 
BRIEF  FOR  ELECTED  OFFICIALS  1973  U pp. 

Informatiaa . to  help  elected  officials  assess  tiie  productivity  of  res- 
identisl  aolid  waste  collection  systems.  Also  identiflss  in^novement 
techniques  tried  in  selected  Jurlsdicttons. 


OPPORTUNITIES  FOR  IMPROVING  PRODUCTIVITY  IN  SOLID  WASTE ' 
COLLECTION  1973  48  pp. 

Report  of  the  Solid  Waste  Management  Advisory  Group.  Identifies 
common  problems  affecting  residential  aoUd  waste  eoUactian  sys- 
tems. and  offers  suggestions  for  improving  and  maasoiing  the  pro- 
ductivity of  this  municipal  and  county  ftinction. 


IMPROVING  PRODUCTIVITY  AND  PRODUCTIVITY  MEASUREMENT  IN 
LOCAL  GOVERNMENTS  1971  78  pp. 

Wide  variations  in  the  basic  coats  of  runniag  local  gowwimawta  imU- 
cata  that  some  localities  are  using  more  effective  methoctothan  others 
to  provlds  services  at  lower  costs. 
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IMPROVING  PRODUCTIVITY:  A DESCRIPTION  OF  SELECTED  COMPANY 
PROGRAMS  (Series  1)  1978  32  pp. 

The  first  of  a series  of  publications  on  company  productivity  pro- 
grams. Describes  programs  in  Rve  companies  chosen  from 
different  industries  for  diversity  in  sise  and  type  of  operation, 
roenses  on  how  productivity  efforts  were  organised  and  executed  and 
on  what  was  aceorapUahed. 
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B«ekhaiUing  — parmltting  trucks  to  curry  proAtsbls  losds  oa  rstum 
trips  ~ would  sUmtnsts  waste  and  Ineroass  productivity,  accord- 
ing to  food  Industry  and  government  experts.  Up  to  $100 
in  aanoal  savings  could  possibly  accrue  from  more  efOcient  scbedullag 
of  the  trucks  used  ib  transporting  processed  foods. 


TECHNOLOGY  APPLIED  TO  THE  FOOD  INDUSTRY  (A  PRELIMINARY 
«EP0KT)  1975  32  pp. 

Poor  communicatloo  between  the  food  industry  and  the  engineering 
community  has  prevented  significant  technologieal  progress^  D^ 
eribes  an  innovative  program  to  bring  together  engineers  and  food 
indhstry  executives.  Usts  the  significant  technical  barriers  to  im- 
proved emcieney  in  tiae  supeimarket.  warehouse,  and  processing 


MEA8DRINO  PRODUCTIVITY  IN  THE  CONSTRUCTION  INDUSTRY 

1875  104  pp. 

PresesSs  the  views  of  inflaentlal  industry,  government,  andacademle 
authorities.  Faetors  affoetiag  productivity  in  various  segments  of 
the  eoBStroetiaa  industry  are  isolated.  Suggests  possible  soluttoos 
to  the  problanas  o'  productivity  measurement  in  so  diversified  a sec- 
tor of  the  eeenoic  -. 


PHOCERDPIOS;  OGMFERENCE  ON  PRODUCTIVITY  THROUGH 
ENOIMEERINO  1975  9g  pp. 

Proceedings  of  conference  to  help  engineers  determine  which  areas 
of  proAmtivity  improvement  are  most  responsive  to  engineering 
technlgaes  and  expertise. 


KEEPING  RAILROADS  ON  TRACK  1975  32  pp. 

Based  on  Improving  Railroad  Productivitv.  the  final  report  of  the 
Task  Force  on  nauroao  i'roouetxvtty.  niseusses  the  many  problems 
that  beset  the  ailing  railroad  industry.  Suggests  innovations  in  cor- 
porate structure  and  freight  handling  procedures  which  would  sig- 
nificantly improve  rail  service  and  make  the  railroads  run  profitably 
without  larje  inAisions  of  now  capital  or  p^Uc  monies. 
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LABOR'BIAKAGXMXNT  PROOUCTIVmr  COMBSITTESS  IN  AMERICAN 
nCOXJSTRY  1875  60  pp. 


Rtvlaw  d ttM  Umit«d  apcritnc*  in  die  United  States  with  Joint  labor- 
manacement  committees  to  deal  with  production  and  relaUkl  problems. 
Bsfias  with  committees  sat  in  the  1880s  and  1830s;  describes  the 
Joint  committee  effort  daring  World  War  II  end  postwar  experieiKe  with 
the  ^***'*~»  Plan  and  committees  in  fovemmeat;  reviews  recent  co- 
operativs  initiatives  in  basic  steel,  retail  food,  tmeldag.  railroads, 
and  other  areas. 


POINTBRS  FOR  LABOR-MANAGEMENT  COMMITTEES 

1875  20  pp. 

Dlseasslan  paper.  Praetleal  solutions  to  difficulties  labor-maa- 
agamat  committees  are  Uhsly  to  esperUnee.  Deals  with  how  to  . 
start  saeh  committees,  how  members  should  fanctton.  and  vrhat  diey 
can  hops  to  aohieve. 


EMPLOmBMT  SSCU10TT  AND  PLANT  PRODUCTIVITT  COMMITTEE 
TEN  OOORDQCATINO  STEEL  COMPANIES  1874  13  pp. 

A prsaaotattOB  bp  L W.  Abel.  President.  United  Steel  Workers  of 
America  and  Vice  Chaimasn  of  the  National  Commission  on  Pro<faae- 
tlvl^  Md  Work  Qsnlltp.  Describes  labor  and  management  experi- 
ences to  too  stool  industry  with  the  fiaplopment  Security  and  Plant 
ProdBotlvlty  Conamtttoos  whieh  have  raised  prodnetlvlty  levels  and 
provldad  the  foomlntinn  for  the  hist'>’-l'.  Sb^rimental  Negotiating 
Agreement  of  1873. 


IMPROMKG  RAILROAD  PRODUCTIVITY 


1973 


Final  raport  of  tho  Task  Fores  on  Railroad  Productivity.  Conearmd 
with  railroads  as  transporttra  of  freight.  Consldara  of  the 
actions  that  the  Federal  government  might  taWy  in  eoneert  with  in- 
dustry to  restore  the  Nation's  railroads  and  make  them  once  more 
efOelent,  competitive*  and  profltablo  businesses. 


PRODUCTIVITY  IN  THE  FOOD  INDUSTRY  1973  34  pp. 

Summary  of  the  report  by  the  Food  Industry  Task  Force.  Suggests 
that  the  many  opportunities  for  productivity  increases  caabe  twalixed 
only  through  the  concerted  efforts  of  all  segments  of  the  industry. 


PRODUCTIVITY  IN  THE  FISHINO  INDUSTRIES  1973  23  pp. 

Based  on  the  report  fay  tho  Seafood  Panel  of  the  Fbod  Industry  Task 
Force.  Discusses  the  decreasing  production  and  productivity  of  tbs 
U.S.  fishing  industry,  and  outlines  barriers  to  and  opportunities 
for  improvement. 
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LABO!l-^[Ai<IAG£MENT  CCTdMITTEES 

RECENT  nOTIATTVES  IN  LABOR-MANAOEIdENT  COOPERATION 

197S  96  pp. 

Based  on  labor-management  committee  case  histories  which  were 
presented  during  a series  at  conferences  on  recent  initiatives.  Par- 
tie^aats  included  panels  of  workers  and  managers  involved  in  co- 
operative aetivltiea.  Focuses  on  practical  day-to-day  experiemes 
in  starting  committees,  and  on  the  benefits  and  problems  of  cooo- 
erative  efforts. 


A PLANT-WIDE  PRODUCTIVITY  PLAN  IN  ACTION:  THREE  YEARS 
OF  EXPERIENCE  WITH  THE  SCANLON  PLAN  197S  S6  pp. 

A brief  description  of  the  Scanlon  Plan  and  its  impact  on  productivity 
at  DeSoto,  Inc.,  a large  manufacturer  of  paint,  over  a three-year 
period.  Results  showed  productivity  gains  as  high  as  41  percent, 
and  high  levels  of  satUfaction  with  the  plan  on  the  part  of  both  man- 
c-ement  and  workers.  Factors  affecting  worker  acceptance  of  tho 
are  ar^'lyxed. 
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Th«  eyela-tin*  of  production,  inetdontally,  ha*  a baarinp  on  tha 
fcnquancy  of  nanauranant  aa  wall  aa  on  tha  cholea  of  tha  output 
Indicator.  If  a productivity  oaaaura  ia  waatad  aenthly  or  quartarly 
for,  aay,  a ahipyard.  It  ia  daairabla  to  radafina  a ahip  aa  a ana  of 
aero  or  laaa  honopanaeua  *aubproducta*  that  could  ha  aate  in  a aonth 
or  a quartar. 

A coa^any  that  wiahaa  to  nonitor  ita  productivity  nay  alao  wiah  to 
track  ralatad  variablaa.  Thua,  a conpany  naaaurinq  ita  productivity 
in  tama  of  output  par  nan-hour  nay  find  it  advantagaoua  to  hava 
corralativa  infomation  on  unit  labor  coat. 

Mhathar  a conpany  haa  sodaat  or  aabltioua  a»aauranant  achaawa,  ita 
atrataqy  haa  to  taka  account  of  thraa  intardapantent  alaa«ata  of 
quantification:  y ncaota . data,  and  nathoda  of  naaauranant.  Tha 

tefinition  of  proQuctivity  aa  output  par  unit  of  input  aabraoaa  nany 
aliqibla  apacific  ooncapta;  thua,  output  nay  ba  viawad  aa  qroaa  or 
nat,  and  input  nay  rafar  to  labor,  capital,  anarqy,  natariala,  or  any 
oonbination  of  thaaa.  Data  ara  fraquantly  liadtad  in  quantity  and 
naad  to  ba  adaptad  to  uaaa  for  which  they  wara  not  orlqinally  coapilad. 
Oataila  of  tha  naaauranant  precaaa,  auch  aa  tha  Aoica  of  waiqhta  for 
tha  aqqraqation  of  ceaponant  outputa  or  eonponant  inpnta  or  tha  ehoica 
of  a fomula  for  avaraqinq,  ara  baat  aattlad  with  raqard  to  tha 
prafarrad  ooncapta  and  tha  availabla  data. 

Adaquata  provlaion  naada  to  bo  nada  for  (1)  critical  ravlaw  and  (2) 
preqraaaiva  rafinaawnt  of  productivity  noaauroa  to  aaaura  that  thay 
ranain  toola  rathar  than  daqonarata  into  toya.  Both  actlvitiaa  am 
laqitiaata  faaturaa  of  a wall-concaivad  naaaumnant  proqran  and 
acoordinqly  ouqht  to  ba  incorporatad  in  tha  daalqn.  Thay  am  aaaantial 
for  fulfillinq  tha  proniaa  of  productivity  naaauranant  aa  a nodo  of 
notivatlen  of  pamcnnal,  diaqnoaia  of  oparationa,  and  tJjMly  raawdial 
action  in  a dynanic,  ooc^tltlva  buainaaa  world. 

Tha  DapartaMnt  of  Ccanarco  haa  eoaponaorad  aaadnam  and  workahopa 
intandad  to  halp  orqaniaationa  halp  thonaolvaa  by  nonitorinq  thair  own 
parfonMnea.  Mom  activity  alonq  thaaa  linaa,  with  mqional  officaa 
takinq  part,  ia  undar  atudy.  Conpany  intamat  in  partlcipatinq  ia 
auch  a proqraai  ahould  ba  mqiatarad  with  your  ama  DOC  Piald  Offico. 
Purthar  lafonMtioa  on  tha  aubjaet  nay  ba  obtainad  from  tha  aana 
aouroa.  Naanwhila,  oonpaaiaa  wiahlnq  to  axplom  tha  raqulmnanta 
and  banafita  of  noaauraiMnt  ayatana  on  thair  own  aay  find  tha  appandad 
biblioqraphy  halpful. 

Purthar  mfaranoat  * 

J.  J.  Carr,  'Naaaurinq  Productivity ",  Arthur  Andaman  i Company,  1973. 

D.  L.  Ooefca,  *Tha  Maaauraamnt  of  Total  Pactor  Productivity  for  a barqa 
D.  >.  Manufaeturina  Corporation,''  Buainaaa  Boonoadca. 
Saptambar  1974.  
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C.  t.  Cni«  and  R.  C.  Harria,  "Total  rceduetivity  Haaaaraa«at  at  tba 
fim  La«ol»"  Rloan  MaBaaaawnt  Raviaw.  Rprlag  1973. 

conzatanea  Board,  Raw  York,  19dS. 

W.  R.  Sharrard,  "Labor  Prodnetivity  for  tha  Pimi  A Caaa  Study", 

Quartarlv  Raviaw  of  Iwocadea  and  Ruainaaa.  Spring  19C7. 

I.  H.  Siapal,  "Maaaurliif  Productivity",  in  tha  "Raap  Aaariea  Coa^ati-’ 
tiva"  aaetion  iaaartad  into  Purchaaina.  Matalworkinc 
Rconoaica.  Plaatica  World,  and  otMr  £ahaara  (Conovas- 
lUat)  trada  pubuoationa  of  April  1971. 


* Thia  liatinq  ia  not  to  ba  eonaidarad  conplata  and  tha  ineluaion  of 
publication  ii  not  eonaidarad  a Oapartawnt  andoraaa»nt. 


I InilMiMiit  OMak  C 


AaparaiM  •(  D»fn»  r«ltel«*  mi  n* 
t»— rtMIltiO  (•*  8af—»«—t4« 
clvttT  f«»tf  ««•  t(aiM4  0*  A«tu*t  * 
«1U  tka  *l  M Mtactlim 

JOtO.ll  ky  Day  Hey  (MVauyy  of  Ba(aaa* 
■tUUB  r.  eiaaama.  Jt.  Ik*  •••  4tn«< 
cl«at  cttl«4  Tiakaatlvtty  lakaa«aBaac, 
■MannaMC,  aai4  taalukcloa  * falielat 
m4  laaywatMllUaa"  MBwUtecaa  tlM 
taumUw*  ynAaMtvtty  (aikaMi  fac- 
■acty  aa«aat—k  la  OUMItL)  aMsraate 
M yaa«aati»lty  «au4  Aacaac  10,  1*7I, 
OaO  Dtiaatlaa  1010.13,  "Oafaaaa  lata* 
aiacaO  HnaatMat  faplaaatlan  ^ataa 
(0IW),>  aaO  DaO  laactaeclaa  70*3.11, 
"laiyaaatBaat  aa*  Vaa  at  Oatyat  Tatar* 
aatlaa  la  OaO  tlaaalay,  tiaiif  la* 


Oaatall  raayaaalklUcy  tar  cka  yiacraa 
kaa  kaaa  aaaHaat  ta  cka  Aaalacaac 
Sacra tary  at  Oataaaa  (laacallatlaaa 
aa4  Uflatlea).  It  la  tka  laayaaaikl* 
tlty  at  cka  Oataaaa  Caaytrollar  ta  aa* 
aara  ckat  tkata  attarta  ara  lata(cata4 
la  OaO  raaaana  aaaa*aaaat  ayataaa  aa* 
tkat  DaO  atcaaatlag  ayataaa  caa  ka 
atlllaat  ta  aaciaalata  yaaQattlrlty 
data.  Tka  kaalttaaw  Satratary  at  Da* 
taaaa  (Haaoaaar  aatf  laaarva  kttalra), 
la  raayaatlkla  tar  tut taaaa  aa  yaraaaaal 
aatlaatlaa  tackaltaaa  aat.  tka  aaa  at 
ycatuetlvtty  data  la  datalalat  acatf* 
la(  rtailMaaca  aad  yattataa. 

POLICY  AND  6UIDANCE 


Tka  dlraatlva  tayalraa  yrlartty  aaykaala 
aa  yaadaatlaity  at  all  atpaalaatlaaal 


yiadaatlalty  aftaata  aa*  ttyattla*  will 
ka  aa  I at total  alaaaat  at  all  raaaaiaa 
aaaaoBtBt  aad  kudottlap  ayataaa  ayar* 
atad  U tka  OaO. 

lack  OtO  aaayaaaat  kaa  kaaa  dlrattad  ta 
aaatala  a dayafaat/tQaaay  -alda  yta* 
«*att»tay  yrapraa  ^afc  laalataa  a 

aaaaaaaaaat,  aad  atalaatlaai  tka  ytadaat 
aat  at  all  aartltkla  aaaaa,  ddtatyllata, 
aad  taaOadona  aa  tayaaaa  yaadattlvityi 


Or.  taka  J.  kaaaatt,  kttlao  kaalataat 
Satratary  at  Oataaaa  (Xaatallatlaaa  aad 
LaoSattat)  kaa  lataad  tyaraclao  pal  da* 
llaaa  aad  rayartlao  lattraatlaa*  (ar  tka 
OtO  rtadaatlylty  ttataaa  la  OaO  la* 
tttaatlaa  3010.14,  data*  liipaat  S 1*73. 
Tka  lattraatlaa  ytaaldat  alalaM  art* 
tarla  ta  ka  tallaaad  ky  OaO  at^aaaata 
la  tka  traaa  at  aatkada  aad  araadarda, 
eayltal  laaaaaaaat  ylcaalap  aad  flaaat* 
lao,  aad  yiadaatiaity  aaalaatlaa.  It 
alt*  aat*  tartk  atataa  tayartlas  ta* 
pi  fata  a aaaaaiity  ta  ytvalda  ytadat* 
Matty  data  tar  tka  Ottlaa  at  tka 
laaratary  at  Ottaaaa  aad  ta  atayly  alMi 
oaaatMaat-aldt  yaadattlalty  tayattito 


It  kt  kMk  (•)  tfiMMai  - 

I (tikt  cktaa*  ta  ttm 
tka  tlakl  tma  tak  (k>  all., 
likik  tka  M#t  tktaia  atik 
I yaaatkU  tiktaiHaaa  a( 

I altaa  iftl—  ata«aatla«ty 
tka  vataaay  akjaatlaa  a(  tka  M 


lUa 


Hm  taatrctttaa,  aafltaakU  ta  ai* 
atlttatr  tapatMata  aa4  kafaaaa 
apaaaUa.  taaaliaa  tkat  tka  kaak  af  aack 
M aaapaaaat  attkkUik  piakaattvlty 
tapfaaaaat  faata  far  Ut  fiitiim/ 
aaaaap,  akrtaa  tka  taaaataiy  af  Otfaata 
kp  Ottakar  kl  af  cfcaaa  attakltkMt  taaia, 
aak  aaaltav  piactaaa  ta  aataia  aaktava* 
aau  af  tka  (aala. 

Tka  taatiaattaa  tMatflaallr  ktakltanr 

taa  aajar  araaa  far  laaatlaa  piakaf 
tlrltri  tftr—tlt  aatkaft  lapraraaaat 
lariav  aa«  appraprtata  aaa  af  Ukar 
Mrfitaaatt  tcaakaaka,  aat  tka  ttaaiy 
fkaniflaattaa  aak  faaftag  af  fata  pay- 
kaafc  a^ttal  laaaataaata.  Oalkaaaa  far 
taMtiaa  affaatiaa  appllcattaaa  ta  thata 
on  araaa  kaa  kata  Marttif.  It  alaa 
aatakUikat  « faatttiMl  tpprtttk  ta 
yiafaattrtty  ataaifaat  rak  atalaatlaa. 
ataarly  ttattat  tkat  fiairtltail  wa^art 
ara  lataaaalkla  far  yrtfaitlrtty  lafiara. 
aaatt  la  tkatr  raapaatlra  araaa. 
lamaa/aaaaay  lapi  Mirittaa  plaaa  aak 
praprata  atU  ka  atpartak  la  fatara 
itaaaa  af  tka  f 


aa  a faltaiMp  ta  tka  laaaat  acttaaa  by 
••  prakaartrtty,  taaraiaay  af 
>»*«■»«  koaa  I.  faklaaUpar  aaa  krtafak 
ky  tka  ataff  af  tka  kaal attar  fatratary 
af  Dafaaaa  fttapraa  taalyata  aak  laala- 
attaa)  aa  aavMt  paakaaatatay  u DaP>a 
wppaat  aciaatara.  ta  a aaaaraakaa  ta 
kaaaataay  taklaalapar,  kaalawa  laa- 
ntaay  liaaaak  taUlaaa.  fr.,  klpk. 
Ukkcak  tka  paac  taaaM  af  Ptfaaaa  la 
Mpaaatap  paakaattaity  kaa  atraaaak  tka 
aaak  far  a kyaata  aak  rail  laaaptatak 


Ir  ai^lafalap  tkka 
* Utraa  aakfaatak  i 
I M paa*Mtlatty 


tka  pataalpU  a( 
prtaMa 


It 

fa 


kaaak  kp  la  i 
' Uty  aa 
Malt  ka 


— — aaallaa  ta  tka  paaata  aaatar. 
rJtaaa  aa  tta  M ptakaauaty 
n tkaafaa  taataaa  w ata  paau 
“aa  Jaa  a alacata  aanat 
■ata  a aaal  paapta  ala. 

tka  kitaflap,  aa  tettaala  aa 
” tMaaUl  alaaaut  u a 


a 4 aaprakaala  aak  aaaatacaat 
paattlrlty  aaaratat  m*  aa. 
latta  tyata  aaarla  all  aim 
af  tka  atppaa  aratma 

a Gaatar  apkaaia  a aak  laal 
activity  aapakiUty  ta  laaK 
capital  a prakatlvtty  — t|-| 
pajaata. 

a laaat  affaaa  a tepiaa  aa 
praaaaa  aak  aatkaka  aak  aa  all. 
ataa  aaaaaaaay  facttaai. 

a «aam  aalacla  paaptaa. 

PRODUCTIVITY  ENHANCCIICIIT 


•y  aaaraka  “aak  Jmm  S,  ItTJ,  Papacy 
tacatary  af  Pafaa  Ptllia  P.  aMCca, 
<lr.,  akvtaak  tka  faaracaataa  af  tka 

Oapataaaca  aak  tka  Itiataa 
af  tka  Pafaaa  ffaltatlai  kpaaay  aak 
cht  Dafaa  tapply  tpaay  af  a aMtfl. 
caat  aviala  a M ttaaatal  ripalirlaa 
akiak  akaalk  aaalt  la  ' ‘ ' 


«*«»  

•ttlvlttaa.  Uakm  tka  aaa  patkallaa 
lakitarlal  fuak  aaaapaa  aa  aa  ckata 
taka  a ftaaaa  cala  .ak  apirtpa^ 
atciap  a a tIPO.OPR  a laa  at  tka 
aaa  aa  ka  racaaaak  fra  aavupa  ta 
laciaaa  afftaiaacy  makto  ta  yaaaa. 
Tklt  flaatklltty  alll  allaaa  laa 
kakpm  lack  ctaa  U paaatap  aalPM 
<**«*  praalaa  amly  acaaa  fia  ta. 


Prtm  a ckkt  i 

atalk  aaly  ka  aaak  a ftaaaa  la 
aaackap  *1^  a laaa.  M aa 

aarlaak 

kMOakpiiallmjr****"**  *"*  *** 


3^'  o 

l«T 


■~~7> 


•••  .-ur 


APPENDIX  P.  SAMPLE  PRODUCTIVITY  TRAINING  COURSES 

And  SEiiiN^s 


ttvAactlTlty  laprovwMC  and  Kalatad  Coutm* 

rijygm  by  eh« 

.0«S.  Civil  S«vie«  CoMlMlap 


TkU*  MW  MWTM  will  ba  adwiMtai  la  R lt7»  aad  will  ba 
alaad  at  lafaaaiat  aaaawciaa  lawal  Fadaralt  ttata  aad 
laaal  aCficlala  baw  yvadaatiwicy  aaaaavaa  aaa  ba  waad  to 
triaalaaTlnaal  yarfacwaaaa. 


I i 


Thia  aaw  aaana  will  ba  aaadaatai  tmt  tba  fint  tiM  la 
FT  197*.  It  will  taaah  how  to  Oaflaa  gaalrf  aad  objaeeiaaa, 

parfofwaaea  aad  avalaaca  yaafoiaaiKa  afoiaat  pLaaaMd*Tb J ac cl v 


Thia  aawwM  taaahM  bow  to  dotovwlM  aad  aaaawwa  wait  OMt  aad 
tiM  aa^aiaaaMta  Cor  xofatltiva  aad  aM^vapatltiva  taaba,  how 
ta  aatabilab  poadMtiwity  ladicM,  aad  bM  to  taatall  tap^lm 
far  parbarlag  pradaatiwity  data. 


U. 


lattar  Cm  aC  Capital  .TawMt 


to  Taprnwa  tcodaativlty. 


ofCiaiala  bM  to  IdMtiCy  tbo 
with  aa  oviMiaatiM'a  pndueta,  bow 
ta  aMlyaa  tba  parMtIal  (m  aapital  lawaataaat  1a  tba  dalivavy 

ad  thaM  pcadaaca  or  aorrieaa,  baw  ta  faraaaat  abort  and  loof- 
taapa  paadwatiwity  palM  talatad  to  tba  lotradaatlna  of  capital 
odwipMat,  aad  bM  to  daawlap  JwatidiaatiaM  for  aakiac  capital 
I will  UMOwa  paadMtiwity. 


XXX. 


I 1 
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Ik*  ttataat  mmlyU  MtlMte  ky  awlylat  tha  CMkal^a 

tMgkc  ia  «Um  to  Ml  MtMl  atMwy  prakUa  mtm.  Tkta  appr— eh 
i*  aMC  aCfMCiva  i*mi  «■  •■•■*yiHii*Mi  latarMMtpltMiy  taaa  «kt«h 

!•  tknrwghly  e«illUr  witk  ck*  syaUM  ar  paeaaAita  ta  aklek 
aalaa  walyfia  taclilqaaa  ara  ca  ba  applia4. 


Tkia  aaoraa  taaahaa  haw  ta  aaalyaa  aad 

flaw  ta  aa  ociaaiaaciaa. 


Tkia  aawraa  taaahaa  haw  to  apply  ftn.  Crltlaal  Path  Ibthad. 
mA  apaataltaad  Caatt  ahartlag  ta  tha  ptaaalap,  traekiap  aad 
awaloattaa  of  pcojaata. 


Tkia  eewraa  taaahaa  bow  to  flow  ehaat  work  ta  ordor  to 
work  flow  aad  affaatlvaaaaa. 


XV«  Diktat  Battar  Oaalataaa  oa  Altanatlva  Nitbada  of  Tapr awing 
Prodaatlwtty. 


Tkia  aawraa  taaahaa  how  to  tdanttfy  tha  aoat  aad  baaaftta  tawatwad 
ta  aawwral  altaraattwa  eoiiraaa  of  aattoa  by  aaploytag  auah  aaalytta 
taakalgaao  aa  ayataaa  aaalyala.  dlaaouattag  aad  coot  haaaftt  tatlao. 


Tkta  tawraa  taathaa  how  to  dotarataa  futura  eoata  of  altamattwo 
aawroaa  of  aattoa  by  oalag  laprawaaaat  aurwaa,  tadaa  nuaharat 
oarralatlaa  aad  tagraaalan  analyaia  aad  tlaa  aartoa. 


aaataa  taaahaa  haata  ayaeaaatlaally  allaoata  aaaraa  raaawaw 
la  aa  aCflataac  aad  affaattoa  aanaar  ky  aatat  lanaiata  aaalyala. 
U ataa  taaahaa  how  aoMMite  aaalytta  aaa  ba  appltad  ta  oa>|atat 


V.  Othar  eeunat  an  praduatlvlty  art  nlao  avnllabXa  tnm 
tha  Fadaml  IxaautiYa  Xnstituta.  Rt  29  Narth,  Charlattaa* 
willa«  Yirfinia  22903 
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NATIOHAL  CENTER  FOR  PRODUCTIVITY  AND  QUALITY  OF  WORKING  LIFE 
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PRODUCTIVITY  IMPROVEMENT  THROUGH  MEASUREMENT 
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Coiponsortd  by  th*  U.  S.  Departaant  of  Coaaorco, 

U.  S.  Dopartaoat'of  Labor,  and  National  Scionco  Foundation 

Statlor  Hilton  Hotol 
Washington,  0.  C. 

Juno  23,  1976 

6:30  a. a.  Ragistration  (Congrassional  Rooa)  ^ 

9:00  a. a.  Waleoaa  and  Introductions 


10:30  a. a. 


12:00  p.B. 

2:00  p.a. 


Kornota  Spaach 

Donald  C.  Bumhaa,  Diractor^Officor, 

Wastinghousa  Elactric  Corporation 

Maasuraaant : Tachnlouas  and  Usas 

Maasuring  Coapany  Productivity 

Irving  H.  Siagal,  Advisor  to  Diractor, 

Buraau  of  Doaastic  Coaaarca 

Xaasuring  Industry  Productivity 

Jaroaa  A.  Mark,  Assistant  Coaaissionar  for 
Productivity  and  Tachnological  Davalopaont, 

Buraau  of  Labor  Statistics 

Quostions 

Braak 

ExaaBlas  of  Maasuraaant 

Productivity  Maasuraaant  at  ALCOA 
M.  g.  Cants,  Jr.,  Exacutivo  Vica  Prasidaat, 

Mill  Products,  Aluainua  Coapany  of  Aaorica 

NAWGA's  Warahousing  Productivity  Noasuraaont  Prograa 
Garald  E.  Pack,  Exacutivo  Vico  Prosidoat, 
National'Aaorican  Wholosalo  Grocors*  Associarinn' 

Quostions 

Lunchoon 

Concluding  Roaarks 
Donald  C.  Burnhaa 

Workshops  to  bo  foraod  aftor  lunchoon  for  thoso 
who  wish  to  coafor  with  spoakors. 
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japfcttt  M.  WnT«lii 


|M«aaea4  rcoduetlvtcr  RmmkIi  4 Tachaology 


iAri7S*20SS7 

Iwmanwaa?- 


"iMMTCk  Ml  rtoAwtlvlty 
K" 


i fto4ueClvlty  ltouttr«Mnc 
•tmiiat — ' — 

Ifuhllc  Policy  484  Ecooowlc  Productivity 


Syai 


for  Malaloerociro  Sorrleooi  yurehoolac 


hiJkMtr 


wlU  4oilao  cbo  cwric  »t*to-of-tho-»rt  la  yrotoetlrtcy  amiiriar  In 
la  V.t.  WBoaUotliai.  Bi>riioof  yndaeciolcy  oMiaroaiar  oyotoM  for  cho  yar> 
roaocloa  «AU  ko  iwilHpof  fiaa  chia  lafoiaacloa  iolao<  froa  tha  roooorch. 
oraoalaacloaa  la  tko  fovalopMat  oai  taplaaaacntloa  of  noiuotiney  aoooarMoiif 
la  yatakaalu  kaoa  kaoa  14oatHlaf  la  tho  lafootrlol,  rocall  oaf  fo4otal  toctoro  j 
aaf  aUX  yartlalyaoo  la  tho  flal4  rooooroh.  Ihooo  ooetoco  aoro  choooo  for  ocaiy  boeouso  ; 
of  dMtv  ooacrttattoa  Co  cho  Crooo  MoUoaal  Prodaec  oaf  aatiricado  of  mrchaoo  o^vaaflcaraa. 
Bata  alU  bo  ooUaccof  oboac  cbo  yrofaocirlty  aiiciiroawr  oyocaa,  cho  prnfacclrtcy  aia-  | 
aacao,  Cha  bahaalical  lapaac  of  cho  ayacca,  cha  affaeclvaaaaa/laaffaaclaaaaaa  at  cha  pro-  . 
faaciaicy  aaaaaaaa,  aaf  cha  lacoraal  aaf  aacataal  aariceaa«ca  fcaa  cha  approalaacoly  14  j 
oicaa  olalaof  by  a eaabiaacloo  of  lacarrlaaa,  aaf  caaafloialraa,  cha  eoUaeeloa  of  ia>  I 
fooMaacacloa,  aaf  raeorfa  owlaacloa.  Tha  faca  aaalyaia  vtXl  eoaalac  of  faeor*  | 
cho  ofCaadooBOoa/laaffaaciyaaaaa  of  profaeclrlcy  aaaaaroa  oaiap  oalaecaf  ericarla  i 
will  Chao  bo  eoapacaf  aaroao  oalaatof  waraal,  lacoraal,  aaf  pro  foe-  ' 
tlrlcy  aoaaaaoaaoc  ayacaa  flacaoloaa.  Thaaa  rp^crlccaa  wUl  ba  aaroao 


aa  cha  aaeeora  bolac  ataflaft  raliCioaahlpa  Co  aaf  aaaaaltcy  of 
oflaadra/laatfoaclro  profaecirlcy  aaaauraaaac  lyaCdo  «U1  bo  laohaf  for.  haaalca  of 
acafy  will  bo  flaaaalaarof  by  aalllaga  co  cop  oaaeaciroo  aaf  parrbaolap  oaaaaaro  of  cha 
cop  SOO  lafoacrlal  orpaaiaaclaaa,  aoaopraph  pabllcacloa,  a uaor  eaafe 
aoUaoo  aboat  acafy  la  cha  laUaclao  of  cha  Racloaal  foaoclacioa  of  Parahaalap 
aaf  cha  Nacioaal  Zaactcaca  of  ffiraiaMcnr  Parehaalag,  pcaaaacacloo  of  papara  ac 
aaf  profoaaloaal  aoaciafo,  aaf  publlaacloa  la  porlofleaia. 


Iffaaclaa  Bacai  Oacobor  1,  1P7S 
Baracloat  IS 
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S«laa  J.  Mushkia 


Mtwca*  ytoJactlTlty  >— arch  t Tachnology 


Tublic  Policy  $ tcotwlc  Pro4yctlvlcy 


Proditecivicr  Hautmawic  Syataas  far  Adalalacractv*  larvicMi  PmoMMlTAtalatacratlon 
aad  Trslaiag 


?ublle  S«nrle«a  Laboratory 
37eh  and  0 Itraata 
ttoaklacton.  O.C.  20037 


:Uaor(acotm  Unlvaratcy 


Ihla  projaec  la  daaicnad  to  fiad  out  uhat  diffaraaeo  tba  uaa  o(  preduetlrlty  aaaauratMnta 
aakaa  ia  paraoaaal  arataaa  aad  hew  tba  aaaafOMot  e(  the  peraoaaol  ayatato  eoatributaa 
to-  laprowfaat  la  tba  quaatlty  aad  quality  of  city  aarvleaa.  ■«. 

■<1 

Tba  raaaareh  will  yreeaad  la  3 atagaa.  rixat,  atatlatleal  dau  oa  aaiqimfar  and  flacal 
a«ort  will  ba  obtalaad  la  S aad  lew  alaad  eltl^  aalaetad  frea  aaaag  theaa  with  a hlatory ; 
of  yradaetlwity  aaaauroaaat  affort.  ladleatera  of  tba  quality  of  tba  paraoaaal  oaaaga- 
uaat  faaatloa  will  ba  ralatad  to  aaaaaraa  of  produetiwlty  of  tba  dallvary  of  aarwleaa. 

faaaad,  4 of  thaaa  eltiaa  aalaetad  oa  tba  baala  of  paraoaaal  aaaafaaaat  aathoda  aad 
faoaral  flacal  eharaetarlatlea,  will  ba  lataaaiwaly  rawlawad  aad  ratad  oa  tbalr  paraoaaal 
aaaogaaaat  ayotaa,  laa lading.  raerultMut.  aalactloa,  elaaaiflcatlaa,  pay  aad  beura  of 
wark,  parfnraanBa  appralaal,  tzaialag,  ratlroaaat,  eoUaetlwa  bargalalag,  aad  latrlaale 
aatluatlaaal  ellaata.  ProdueUwity  aaaaaraa  of  tba  paraoaaal  ayatoa,  tba  abowa  fuactiona, 
aad  of  gnaaral  aarrleaa,  along  with  par  eaplta.eoota  of  public  aarwleaa,  will  ba  obtalaad 
aad  m aaelaata  aada  of  coot  affactlwaaaaa  of  tba  ayotaa.  gaaluatiwa  eaaa  atadloa  wiU 
bo  wclttaa  for  aaeh  of  thaaa  eltiaa. 

Third,  a datallod  roaaarcb  daalga  for  field  aaparlaaataeloa  oa  productivity  aaaauroaaat 
la  adaialarratlva  aarvleaa  will  ba  davalapad. 
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APPENDIX  H.  POLICY  STATEMENT  FOR  FEDERAL 

PRODUCTIVITY  PROGRAM 


CXKUTIVC  OPriCE  OF  THE  FRESIOENT 
omcc  OF  MANAOIMKNT  AND  BUOaCT 
WAWntWraN.  OX.  MM 


OCT  231974 


MBNORMIOON  TO  HEADS  OP  EXECUTIVE  OEPAETMEMTS  AND  AGENCIES 
SUBJECT t Fadarsl  Productivity  Progcui 


Vigorous  efforts  to  taprovs  productivity  srs  ssssntisl  to 
counter  the  iapsot  of  inflation  and  provide  batter  service 
to  the  public  within  the  liadts  of  available  funds. 

My  MaBoranduai  of  July  9,  1973.  authorised  continuance  of 
an  annual  review  and  report  on  the  productivity  of  Federal 
workers.  The  results  of  the  productivity  review  during  the 
last  year  have  been  incorporated  in  a Report  on  Federal 
Productivity  issued  by  the  Joint  Financial  Managanent 
XaprovasMBt  Prograa.  Copies  of  this  report  have  been  sent 
to  all  Oepartaenta  and  Agencies,  as  well  as  to  the  President 
and  the  Congress. 

The  report  provides  substantial  evidence  of  the  increasing 
efficiency  of  the  Federal  workforce  and  indicates  that 
several  agencies  are  using  productivity  Measures,  in  eon- 
junctico  with  other  Measures  of  performance,  as  an  affective 
part  of  their  Management  process.  However,  we  must  do  more. 

Z urge  each  of  you  to  personally  stress  the  goals  of  the 
Federal  Productivity  Prograa  and  to  seise  every  opportunity 
for  further  productivity  iaprovaaents.  By  intensifying  our 
efforts,  we  can  aanaga  our  activities  in  a Manner  that  permits 
us  to  batter  serve  the  American  people. 

Horeover.  we  want  to  share  the  knowledge  gained  in  the 
Federal  Program  with  officials  of  State  and  local  governawnts. 
As  productivity  is  increased  throughout  all  levels  of 
government,  Americana  will  rocsive  manimum  returns  for  their 
tas  dollars. 
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The  data  points  for  the  ATF's  (Fleet  Tugs)  can  be  seen  clustered 
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the  LPH  (Amphibious  .Assault  Ship)  can  be  seen  clustered  along  the 
right  hand  margin  of  the  scattergram. 
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